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FOREWORD 


In  accordance  with  the  desire  to  make  available  pertinent  infor- 
nation  to  the  Titanium  Program  there  is  given  herewith  the  full  pro¬ 
ceedings  of  the  Titanium  Symposium  held  at  the  Watertown  Arsenal  on 
8  October  1952.  The  symposium  was  held  under  the  joint  sponsorship 
of  the  Associated  Industries  of  Massachusetts,  the  American  Ordnance 
Association,  the  Watertown  Arsenal,  and  several  manufacturing  and  metal 
trade  associations  of  Hew  England* 

The  symposium  was  devoted  to  a  practical  discussion  of  the  proper¬ 
ties,  processing,  machineability,  and  similar  characteristics  of 
titanium.  This  metal  is  being  developed  as  a  strategic  Ordnance 
material  because  of  its  lightness,  combined  with  its  high  strength. 
Attention  was  focused  on  the  phases  of  the  new  metal  that  would  be  most 
helpful  to  industry  and  commercial  fields  as  well  as  to  Ordnance. 

The  symposium  was  under  the  direction  of  Colonel  B.  S.  Mesick, 
Commanding  Officer  of  Watertown  Arsenal  and  Coordinator  of  the  Army 
Titanium  Program.  The  coordination  with  industry,  needed  to  present 
the  symposium,  was  arranged  through  Mr.  Ralph  3.  Towne,  Small  Business  * 
Specialist  at  the  Watertown  Arsenal. 
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TITANIUM  SYMPOSIUM  PROCEEDINGS 


EDITOR'S  NOTE?  To  facilitate  presentation  introductory  comments  have 
been  omitted. 

INTRODUCTION 


Greetings  were  extended  by  Mr.  F.  Gorham  Brigham,  Jr. 9  Chairman  of 
the  Titanium  Symposium.  President  of  the  Boston  Branch  of  the  National 
Metal  Trades  Association,  and  Assistant  Treasurer  apd  Secretary  of  the 
Saco  Lowell  Shops.  Col.  B.  S.  Mesick,  Coordinator,  Army  Titanium 
Program,  and  Commanding  Officer  of  the  Watertown  Arsenal  welcomed  those 
in  attendance  and  invited  them  to  inspect  the  exhibits* 

TITANIUM  COMES  OF  AGE 

By*  LT.  OOL.  THURSTON  T.  PAUL,  Director,  Research,  Development  & 

Engineering,  Watertown  Arsenal 

Much  of  the  information  on  the  "wonder  metal"  titanium  has  been 
published  in  highly  technical  and  abstract  reports  not  suited  for  the 
needs  of  fabricators  and  retailers.  Of  those  reports  which  have  been 
prepared  for  nontechnical  consumption,  some  have  been  over-optimistic, 
some  over-pessimistic,  and  some  misleading.  For  the  past  several  years, 
Watertown  Arsenal  has  been  the  Army's  center  of  research  and  development 
of  this  new  metal.  With  this  background,  today  we  will  give  you  the 
facts,  presented  by  a  number  of  distinguished  gentlemen  with  first-hand 
experience  in  those  fields  of  titanium  fabrication  which  are  of  greatest 
interest  to  you. 

The  little  story  that  I  will  tell  you  of  titanium's  development, 
all  started  several  billion  years  ago,  and  the  first  hand  of  influence 
was  that  Creative  Power  which  formed  our  planet.  For  ages  following, 
mankind  was  much  too  interested  in  maintaining  the  principal  elements 
of  life  to  bother  about  titanium,  or  even  to  know  that  such  a  material 
existed  as  Element  No.  22  in  the  periodic  table. 

In  1791»  we  find  our  first  recorded  knowledge  of  the  existence  of 
titanium.  In  that  year,  an  English  clergyman  and  amateur  chemist, 

William  Gregor,  noticed  that  the  black  sands  of  Cornwall  were  half  white, 
and  determined  that  this  white  stuff  was  a  metallic  oxide  which  we  now 
know  was  titanium  oxide.  Thus  we  see  that  our  meeting  here  today  is  a 
direct  outgrowth  of  Gregor's  rather  singular  ability  to  tell  white  from 
black. 

Our  billion-year  old  infant  developed  ever  so  slowly.  A  few  years 
after  Gregor  published  his  work,  an  Austrian  named  Klaproth  succeeded 
In  extracting  the  metal  from  the  titanium  oxide  ore  rutile.  Because  of 
the  strong  bond  this  metal  showed  for  oxygen  and  other  impurities,  he 
named  the  new  metal  "titanium,"  after  the  Greek  god  renowned  for  his 
enormous  strength* 
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Relativoly  pure  ti ionium  was  not  isolated  until  lc-35.  Confined 
entirely  to  small  laboratory  experiments  which  were  necessarily  3low 
and  arduous,  our  baby's  infancy  extended  over  another  hundred  years  or 
so.  New  laboratory  methods  for  reducing  various  titanium  compounds 
were  developed,  but  the  metal  so  strongly  bonded  to  ouher  elements 
proved  to  be  a  completely  uncooperative  subject.  Its  reluctance  to  part 
from  its  chemically  associated  buddies,  principally  oxygen,  was  evident 
from  the  very  first  attempts  at  reduction.  '  That  same  reluctance  persists 
today  as  a  stubbornness  in  the  growing  child  which  has  not  been  lessened 
in  spite  of  concerted  efforts  of  all  its  foster  parents. 

The  basic  reduction  process  which  is  now  in  use  was  developed  in 
1932  by  Dr.  Wilhelm  Krollf  climaxing  years  of  experiments  in  Luxemburg, 
Germany,  and  the  United  States,  the  latter  as  a  consultant  to  the  united 
States  Bureau  of  Mines.  In  1346  the  Bureau  published  its  Bulletin  No. 
7381,  "Metallurgy  of  Titanium  and  Its  Alloys,"  the  first  major  report 
published  on  our  child.  In  that  same  year,  the  Bureau  established  a 
pilot  plant  using  the  Kroll  method  of  reducing  titanium  tetrachloride 
with  pure  magnesium.  Its  success  in  producing  100  pound  batches  of 
titanium  sponge  launched  the  titanium  industry  of  today,  and  our  child 
became  an  adolescent,  with  all  the  attendant  trials  and  tribulations  of 
growing  up. 

Let's  look  at  what  we've  nurtured.  Titanium  is  a  light,  strong, 
corrosion-resistant,  and  ductile  metal.  To  these  characteristics  we 
can  add  one  more  very  important  qualification;  It  is  plentiful.  It  is 
the  fourth  most  abundant  structural  metal  in  the  earth's  crust,  exceeded 
only  by  aluminum,  iron,  and  magnesium.  Its  principal  ores  are  rutile 
(TiOg)  and  ilmenite  (FeTiOj),  and  are  found  extensively  throughout  the 
United  States,  Canada,  India,  Australia,  Norway,  Ceylon,  Brazil,  Sweden, 
and  the  USSR.  Both  rutile  and  ilmenite  are  found  in  the  beach  sands  at 
many  places  along  our  Atlantic,  Pacific,  and  Gulf  coasts.  Other  known 
titanium  ore  deposits  occur  in  Virginia,  North  and  South  Carolina,  New 
York,  Minnesota,  Rhode  Island,  Wyoming,  California,  New  Mexico,  Tennessee, 
New  Jersey,  Colorado,  Montana,  Oklahoma,  and  Arkansas.  Our  Bureau  of 
Mines  estimates  that  in  the  world's  largest  titanium  ore  deposit  at 
Allard  Lake  in  eastern  Quebec  there  are  at  least  }00  million  tons  of 
ilmenite,  and  that  more  than  5 0  million  tons  of  titanium  metal  can  be 

produced  from  that  deposit  alone.  At  5000  tons  per  year,  this  one 

deposit  alone  will  furnish  us  titanium  for  10,000  years! 

We  can  be  assured  that  known  deposits  of  titanium-bearing  ore  will 
amply  supply  industry  far  into  the  foreseeable  future.  In  the  event  of 
an  all-out  war,  the  United  States  would  not  be  dependent  on  any  outside 
nation  for  its  titanium  ore.  And  even  at  the  present  low  rate  of  produc¬ 
tion,  titanium  ore  is  not  expensive,  ranging  from  2  to  6  cents  per  pound. 

So  our  youngster's  future  seems  secure  enough.  Now  let's  get  back  to 

his  good  and  bad  qualities. 
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He  has  the  build  and  physique  to  develop  into  a  middleweight 
champion.  Titanium  and  its  alloys  have  an  outstanding  strength- to~ 
weight  ratio.  When  substituted  for  steel,  titanium  can  result  in  up 
to  40$  saving  in  weight  for  equal  strength. 

Titanium  has  shown  corrosion  resistance  equal  to  or  better  than 
stainless  steel  for  most  applications.  Zt  compares  with  platinum  in 
its  ability  to  withstand  salt  water  corrosion. 

Titanium  is  stiffer  than  either  aluminum  or  magnesium.  Its  modulus 
of  elasticity  is  in  the  order  of  15  million,  roughly  half  that  of  steel, 
but  more  than  its  other  competitors. 

At  temperatures  between  300°  and  800°F,  titanium  does  not  lose  its 
strength  or  soften  as  do  aluminum  and  magnesium,  and  it  is  in  applicar- 
tions  involving  such  operating  temperatures  that  titanium  is  expected 
to  find  its  most  widespread  use  initially. 

These  statements  make  our  youth  seem  to  be  a  fair  haired  boy,  but 
he  has  an  alter  ego,  too.  At  times,  he’s  just  plain  ornery  to  handle. 

If  held  at  temperatures  above  900°F  for  any  extended  time,  titanium 
absorbs  nitrogen  and  oxygen  from  the  atmosphere  and  becomes  brittle  and 
useless. 

Compared  with  stainless  Bteel,  titanium  has  shown  very  poor  ability 
to  absorb  sudden  forceful  shocks  without  breaking.  Experimental  alloys 
have  shown,  however,  that  the  impact  strength  can  be  increased  re¬ 
markably  by  controlling  impurities  and  alloying. 

The  liquid  metal  seems  to  be  a  universal  solvent  and  either  dis¬ 
solves  or  is  contaminated  by  every  known  refractory. 

We  have  heard  reports  that  the  machining  and  fabrication  of  titanium 
ie  not  as  readily  accomplished  as  steel.  Our  program  today  will  more 
closely  examine  this  problem  and  will  bring  you  the  latest  experiences 
of  several  of  our  leading  authorities. 

These  are  his  moral  and  physical  weaknesses.  Just  as  with  the 
human  child,  parental  attention  to  these  defects  and  careful  training 
can  overcome  or  minimize  these  weaknesses  and  permit  the  growing  boy  to 
reach  his  full  stature  and  usefulness. 

Fundamental  work  in  alloying  titanium  started  about  1947,  and 
currently  is  the  subject  of  much  investigation  by  producers  of  the  metal 
and  by  large  Government  research  programs.  The  most  commercially 
promising  alloying  elements  investigated  so  far  include:  aluminum, 
manganese,  chromium,  iron,  vanadium,  tungsten,  molybdenum,  carbon, 
oxygen,  and  nitrogen.  The  majority  of  alloys  developed  so  far  have  been 
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general  purpose  alloys  of  higher  strength  than  commercially  pure 
titanium  alloys  which  will  compete  with  aluminum  on  a  strength-to- 
weight  basis  at  room  temperature. 

The  titanium  development  program  has  been  accelerated  largely 
through  interest  and  subsidy  by  this  country1 a  Armed  Forces.  This 
effort  has  resulted  in  expanding  production  of  raw  titanium  from  a 
total  of  2  tons  in  1947  to  500  tons  in  195^*  An  output  of  1400  tons 
is  expected  this  year,  and  it  will  increase  to  at  least  3500  tons  in 
1953.  The  coat  per  pound  of  wrought  titanium  in  1942  was  $100.00.  At 
present,  basic  prices  range  from  $6.00  to  $10.00  pfer  pound  for  forgings, 
bar,  and  rod,  to  $15  00  to  $20.00  per  pound  for  sheet  and  atrip.  If  a 
less  complicated  and  continuous  production  type  of  process  can  be 
developed  for  reducing  titanium  ore,  prices  will  fall  sharply  and  usage 
will  boom  accordingly. 

While  the  interest  in  titanium  was  initially  spurred  by  a  military 
demand,  the  metal’s  strength,  lightness,  and  resistance  to  corrosion 
are  qualities  not  to  be  overlooked  for  peacetime  applications.  Many 
commercial  uses  will  be  found  as  the  metal  becomes  more  widely  known  and 
available  to  designers,  engineers,  and  manufacturers.  It  is  certain 
that  in  the  future  metals  markets,  titanium  will  typically  be  the  aggres¬ 
sor,  seeking  to  displace  its  competitors  in  usefulness  and  to  become  a 
competitor  in  price. 

And  so  our  billion-year-old  infant  comes  of  age.  To  be  sure,  he’s 
still  a  callow  youth,  but  in  the  last  five  years  of  his  development  he 
has  shown  himself  to  have  those  qualities  we  most  need  in  a  middle¬ 
weight  champion.  Bis  development  to  fulfill  his  capabilities,  gentlemen, 
rests  with  his  foster  parents  -  researchers,  producers,  fabricators, • 
designers  -  you. 


INDUSTRIAL  FUTURE  OF  TITANIUM 


By:  COL.  B.  S.  MESICK,  Coordinator,  Array  Titanium  Program  and 

Commanding  Officer  of  the  Watertown  Arsenal 

Colonel  Paul  has  indicated  the  current  production  and  the  antici¬ 
pated  production  for  the  calendar  year  1953*  As  the  result  of  that  in¬ 
creased  production  there  will  naturally  be  a  reduction  or  lowering  of 
price  as  has  already  taken  place  since  1948.  It  i,s  well  known  that  an 
increased  demand  for  a  product  results  in  an  increased  production 
followed  by  a  further  reduction  in  price.  Therefore,  it  is  hoped  that 
the  Symposium  presentations  will  ultimately  reeult  in  adding  the  civilian  „ 
or  commercial  demand  to  the  military  demand  for  titanium. 

Since  many  of  the  subjects  to  be  presented  are  concerned  with  the 
fabrication  of  wrought  material,  it  is  appropriate  to  review  briefly  the 


steps  of  production  from  the  ore  to  finished  commercial  product.  Ore 
is  reduced  to  metallic  titanium  by  a  magnesium  reduction  process  -  the 
so-called  Xroll  process.  I  prefer  to  call  it  the  magnesium  reduction 
process  because  titanium  is  produced  first  by  forming  titanium  tetra¬ 
chloride  and  then,  by  introducing  magnesium  to  the  titanium  tetrachlo¬ 
ride,  removing  the  chorine  from  the  titanium  leaving  a  spongy  metallic 
titanium.  This  spongy  metallic  titanium  is  contaminated  with  a  certain 
amount  of  magnesium  chloride  which  can  be  distilled  off  from  the  mass 
leaving  very  pure  titanium  sponge, 

There  are  many  new  processes  being  worked  on  by  various  industrial 
companies.  Most  are  still  in  the  laboratory  stage.  A  few  are  in  the 
pilot  plant  stage,  but  all  of  you  know  that  it  takes  from  18  to  JQ  months 
to  build  a  plant,  so  we  must  stimulate  the  demand  and  consumption  of 
titanium  produced  by  the  present  magnesium  reduction  process. 

The  melting  of  the  titanium  sponge  is  being  done  in  the  type  of 
furnaces  which  have  been  used  for  a  long  time  in  the  ste^l  industry.  In 
general  we  have  twe  types,  arc  melting  furnaces  and  ind-  ion  melting 
furnaces.  Because  of  the  high  melting  point  of  titanium,  graphite  is  the 
standard  crucible  material  used  in  induction  furnaces  since  they  have 
to  be  made  to  stand-up  under  high  temperatures.  The  resulting  alloy  or 
commercial  grade  titanium  made  by  this  method  may  be  high  in  carbon. 

We  have  found  with  titanium  alloy,  the  same  as  we  did  in  steel,  that 
we  must  keep  the  carbon  down.  Therefore,  most  of  the  production  today 
of  wrought  material  is  being  melted  in  arc  type  furnaces  and  is  cast 
in  the  form  of  Ingots. 

Some  of  the  new  processes  may  enable  titanium  to  be  melted  and  poured 
directly  into  the  fora  of  a  pig  or  billet.  The  present  standard  practice 
is  to  slowly  build  up  the  metal  as  a  cylindrical  ingot.  Before  the  end 
of  the  year  one  of  the  producers  will  be  producing  two-ton  ingots. 

Titanium  ingots  are  forged,  rolled  and  drawn  into  finished  products 
in  the  same  manner  as  steel.  The  commercially  pure  titanium  is  put 
through  the  same  wire  drawing  dies  as  those  used  for  the  steal  industry, 
but  we  have  had  a  groat  deal  of  trouble  in  drawing  alloy  titanium. 

Based  on  the  titanium  development  work  conducted  over  the  last  2 
years,  two  specifications  have  been  adopted  and  approved  by  the  Depart¬ 
ment  of  the  Army.  Tho  sponge  titanium  is  MIL-T~12118(0RD) ,  15  July  1952, 
and  the  specification  for  wrought;  material  which  covers  most  of  the 
standard  forms  of  wrought  material  is  specification  MIL~T~12117( OED) , 

15  July  1952.  To  obtain  copies  of  these  specifications  adc’ress  the 
Commanding  Officer,  Watertown  Arsenal,  Watertown  72,  Massachusetts. 

Based  on  these  specifications  you  will  find  that  practically  all  of 
the  military  uses  require  alloy  because  of  the  high  strength  density  re¬ 
quirement,  and  particularly  the  high  impact  value.  Where  high  impact 


steps  of  production  fr.ira  the  ore  to  finished  commercial  product.  Ore 
is  reduced  to  metallic  titanium  by  a  magnesium  reduction  process  -  the 
so-called  Xroll  process.  I  prefer  to  call  it  the  magnesium  reduction 
process  because  titanium  is  produced  first  by  forming  titanium  tetra¬ 
chloride  and  then,  by  introducing  magnesium  to  the  titanium  tetrachlo- 
ride,  removing  the  chorine  from  the  titanium  leaving  a  spongy  metallic 
titanium.  This  spongy  metallic  titanium  is  contaminated  with  a  certain 
amount  of  magnesium  chloride  which  can  be  distilled  off  from  the  masb 
leaving  very  pure  titanium  sponge. 

There  are  many  new  processes  being  worked  on  by  various  industrial 
companies.  Most  are  still  in  the  laboratory  stage.  A  few  are  in  the 
pilot  plant  stage,  but  all  of  you  know  that  it  takes  from  18  to  30  months 
to  build  a  plant,  so  we  must  stimulate  the  demand  and  consumption  of 
titanium  produced  by  the  present  magnesium  reduction  process. 

The  melting  of  the  titanium  sponge  is  being  done  in  the  type  of 
furnaces  which  have  been  used  for  a  long  time  in  the  ste^l  industry.  In 
general  we  have  twe  types,  arc  melting  furnaces  and  ind-  ion  melting 
furnaces.  Because  of  the  high  melting  point  of  titanium,  graphite  is  the 
standard  crucible  material  used  in  induction  furnaces  since  they  have 
to  be  made  to  stand-up  under  high  temperatures.  The  resulting  alloy  or 
commercial  grade  titanium  made  by  this  method  may  be  high  in  carbon. 

We  have  found  with  titanium  alloy,  the  same  as  we  did  in  steel,  that 
we  must  keep  the  carbon  down.  Therefore,  most  of  the  production  today 
of  wrought  material  is  being  melted  in  arc  type  furnaces  and  is  cast 
iu  the  form  of  ingots. 

Some  of  the  new  processes  may  enable  titanium  to  be  melted  and  poured 
directly  into  the  form  of  a  pig  or  billet.  The  present  standard  practice 
is  to  slowly  build  up  the  metal  as  a  cylindrical  ingot.  Before  the  end 
of  the  year  one  of  the  producers  will  be  producing  two-ton  ingots. 

Titanium  ingots  are  forged,  rolled  and  drawn  into  finished  products 
in  the  same  manner  as  steel.  The  commercially  pure  titanium  is  put 
through  the  same  wire  drawing  dies  as  those  used  for  the  steel  industry, 
but  we  have  had  a  groat  deal  of  trouble  in  drawing  alloy  titanium. 

Based  on  the  titanium  development  work  conducted  over  the  last  2 
years,  two  specifications  have  been  adopted  and  approved  by  the  Depart¬ 
ment  of  the  Army.  The  sponge  titanium  is  MIL- T~ 12118 (ORD) ,  13  July  1932, 
and  the  specification  for  wrought  material  which  covers  most  of  the 
standard  forms  of  wrought  material  is  specification  MIL»T-12117(0KD) , 

15  July  1952.  To  obtain  copies  of  these  specifications  address  the 
Commanding  Officer,  Watertown  Arsenal,  Watertown  72,  Massachusetts. 

Based  on  these  specifications  you  will  find  that  practically  all  of 
the  military  uses  require  alloy  because  of  the  high  strength  density  re¬ 
quirement,  and  particularly  the  high  impact  vedue.  Where  high  impact 


value  is  required  we  use  very  high  quality  sponge.  The  standard 
commercial  grades  of  titanium  have  highly  satisfactory  physical  proper¬ 
ties  for  most  coimiercial  uses,  particularly  where  high  impact  properties 
are  not  required.  Titanium  is  not  under  allocation,  you  merely  deal 
with  the  regular  vendors. 

AVAILABILITY  0 ¥  TITANIUM 
I 

By:  T.  W.  LIPPERT,  General  Manager  of  the  Titanium  Metals 

Corporation  of  America,  New  York.  New  York 

The  extraordinary  corrosion  resistance  and  lightness  of  titanium 
will  undoubtedly  assure  it  a  very  prominent  place  among  engineering 
metals.  The  most  common  grade  of  titanium  is  commercially  pure  titanium. 
No  alloy  elements  are  deliberately  added.  It  is  the  best  possible 
material  that  can  be  made  at  reasonable  costs.  That  material  is  on  the 
order  of  90,100  psi  tensile,  as  annealed.  It  would  compare  a  little  bit 
above  the  ueual  grades  of  stainless  steel.  If  you  have  ever  handled 
stainless  st’el,  and  have  the  skill  necessary  for  handling  that  metal 
you  can  easily  handle  commercially  pure  titanium. 

When  we  come  to  titanium  alloys  you  face  ..  ntirely  different 
situation.  Most  manufacturers  ^ump  from  comme  -  —  ly  pure  titanium  co 
alloys  in  the  area  of  150,000  psi  tensile,  as  c  u  iled.  Tnose  materials 
are  available  in  forging  stock  and  in  sheet  aei^..  The  material  does  not 
form  too  easily.  It  is  rather  difficult  to  machine  from  its  hardness  and 
strength.  It  is  impossible  yet  to  fusion  weld  such  alloys.  Spot  welds 
are  only  normally  good,  however,  not  good  enough  to  be  considered  a 
standard  for  manufacturing  procedure.  Most  such  alloys  today  are  used 
in  forged  parts  or  riveted  structures. 

The  industry  as  a  whole  in  1953  will  probably  produce  titanium  in 
quantity,  and  if  sold  at  present  market  prices  would  probably  total  some 
one  hundred  fifty  million  dollars.  Much  of  the  money  for  the  purchase 
of  this  material  comes  from  military  sources.  The  total  purpose  of  the 
military  is  to  build  up  an  industry,  to  drive  down  price,  to  expand 
civilian  production,  and  therefore,  have  a  civilian  base  to  draw  from  in 
times  of  necessity.  I  rather  think  that  prices  will  droj»  next  year  as 
production  goes  up. 
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AVAILABILITY  OP  TITANIUM 


II 

Bys  W.  C.  BECK,  Salsa  Engineer  of  the  Mallory-Sharon  Titanium 

Corporation,  Niles,  Ohio 

The  Mallory-Sharon  Titanium  Corporation  manufactures  arc  and  in¬ 
duction  melted  material.  Plat  rolled  products  up  to  44  inches  in  width  - 
bars,  slabs,  strips,  and  sheet  plates  can  be  produced  along  with  forged 
sections,  rods,  rounds,  extrusions,  et  cetera.  At  present  a  limiting 
size  factor  is  a  maximum  ingot  of  1000  pounds,  but  with  improved  methods 
of  melting,  and  larger  diameter  crucibles,  we  hope  to  increase  this  size. 

One  of  the  outstanding  advantages  of  titanium  is  its  good  weight- 
strength  ratio.  It  is  about  60 $  heavier  than  aluminum,  but  only  about 
56#  as  heavy  as  special  alloyed  steels.  Many  of  our  problems  as  producers 
hinge  on  solving  the  technological  problems  by  learning  how  to  melt,  to 
maintain  good  strength  level,  good  percentage  of  elongation,  improve 
impact  properties  and  things  of  that  nature. 

Good  mechanical  properties  in  the  intermediate  range  of  4C0°  to 
800°F,  place  titanium  in  an  ideal  position.  At  temperatures  about  800° 
or  9°0°F,  titanium  loses  strength  and  becomes  embrittled.  However,  it. 
has  been  used,  and  used  successfully,  for  short  periods  of  time  at 
temperatures  arouid  200Q°F,  but  understand,  this  is  Just  for  short  time 
applications. 

Titanium  possesses  very  good  corrosive- resistant  properties.  Its 
immunity  to  salt  water  corrosion,  and  marine  atmospheres  is  very  important 
to  many  applications. 

We  are  melting  titanium  by  two  methods*  (l)  the  induction  type,  and 
(?.)  the  arc  type,  Beth  methods  melt  from  the  sponge  to  the  ingot  stage 
and  are  carried  out  under  an  inert  atmosphere  -  the  induction  melting 
being  done  in  a  graphite  crucible,  and  the  aro  melting  being  done  in  a 
water  cooled  copper  crucible.  Induction  melting  is  the  simpler  type  by 
merely  melting  sponge  material  in  a  graphite  orucible  and  pouring  the 
molten  meted  into  a  graphite  mold.  However, 'it  is  recognized  that  the 
absorption  of  carbon  is  detrimental.  Carbides  resulting  cause  diffi¬ 
culty  in  maohining  and  welding,  and  aleo  to  a  slight  extent  lower  the 
elongation  properties.  We  have  found  that  it  has  not  affeoted  our  haat 
treat,  but  it  has  affeoted  the  elongation  to  a  certain  extent.  This 
induction  type  melting  does  give  a  more  homogeneous  ingot,  and  con¬ 
sistency  from  heat  to  heat  is  a  little  mors  predictable.  Induction 
melting  at  the  present  time  seems  to  offer  one  of  the  best  avenues  for 
utilizing  scrap. 
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Melting  in  a  water  cooled  copper  crucible  is  the  arc  method  of 
melting  employed.  We  are  using  carbon  electrodes.  Contamination  is 
much  less  of  a  problem  using  this  type  melting,  and  with  improved 
furnace  designs,  many  of  the  difficulties  now  er>c:un  t-ered  should  be 
overcome.  The  ingots  can  be  built  up  individually,  or  extracted  con¬ 
tinuously.  The  ingot  itself,  once  removed  from  the  mold  is  handled 
very  similarly  tc  steel.  It  is  scalped  to  remove  the  outer  layer  or 
laps  which  might  have  resulted  from  the  melting.  At  the  present  time 
work  to  successfully  extrude  shapes  and  tube  sections  is  under  way, 
and  probably  the  method  we  are  employing  now  is  a  little  bit  different 
than  i 8  currently  being  used,  but  the  initial  results  look  very 
promising. 

Commercially  pure  arc  melted  titanium  is  sold  under  the  trade  name 
of  MST  Grade  III  material.  Physical  properties  for  hot  worked,  annealed 
material  run  in  the  range:  yield  strength  -  60/85,000  psi,  tensile 
strength  -  85/100,000  psi,  and  with  15$  to  20$  elongation.  This  form 
is  most  suitable  where  very  high  strength  is  not  essential,  but  where 
the  material  must  lend  itself  to  good  forming  and  good  welding  properties. 

An  example  of  a  very  high  strength  alloy  we  are  currently  producing 
i 3  MST  Grade:  3  A1.-5  Cr.  material,  which  has  a  yield  strength  of 
1*40/160,000  psi.  Elongations  naturally  are  much  lower  in  this  type  of 
material;  around  6$  to  12$. 


AVAILABILITY  OF  TITALIUM 
III 

By:  THOMAS  E.  PERRY,  Metallurgist,  Republic  Steel  Corporation, 

Massillon,  Ohio 

We  have  been  melting  titanium  ingots  for  approximately  2  years. 

It  is  only  within  the  past  6  months  that  we  nave  felt  that  the  technol¬ 
ogy  melting  and  processing  of  titanium  in  our  plants  has  reached  the 
point  where  we  felt  that  we  cculd  put  it  on  the  open  market. 

Generally  speaking,  the  induction  melted  product,  as  compared  with 
the  arc  melted  titanium  is  slightly  less  ductile,  is  more  difficult  to 
machine,  and  in  general  has  lower  impact  strength,  and  due  to  the  high 
carbon,  which  may  run  between  *40  and  100  points,  ie  not  considered  a 
weldable  grade  of  titanium.  Its  advantages  are  simply  that  the  product 
is  uniformly  reproducible,  and  the  ingot  is  homogeneous.  The  entire 
charge  is  molten  at  one  time  and  the  diffusion  throughout  the  ingot 
gives  excellent  chemical  uniformity  in  the  finished  product. 


The  induction  melted  product  is  extremely  important  in  that  by  in¬ 
duction  melting  we  can  utilize  the  scrap  generated  in  the  mill,  and  from 
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the  mill1 8  standpoint  the  price  of  titanium  by  either  process  will  be 
considerably  reduced.  From  the  induction  melted  product,  in  the 
alloyed  form,  we  can  obtain  tensile  strengths  up  to  about  200,000  psi, 
ductility  in  the  range  of  4  to  S  or  10$  and  for  many  applications,  ouch 
as  high  strength  forcings,  where  ductility  and  impact  are  not  of  pri¬ 
mary  concern,  the  induction  melted  product  is  the  logical  choice. 

As  far  as  arc  melted  ti  tanium  is  concerned  you  can  buy  today  three 
commercially  pure  grades  of  titanium.  The  three  grades  are  determined 
by  essentially  the  impurity  level  when  the  commercially  pure  product  is 
melted.  There  is  a  high  ductility  commercially  pure  titanium  which  has 
yield  strengths  between  40,000  and  45,000  psi,  in  which  the  ductility 
range  is  up  close  to  30$.  There  is  an  intermediate  range  in  which  the 
yield  properties  run  between  55*000  and  70,000  psi.  The  ductility  is 
measured  by  elongation  and  rune  about  25$.  The  higher  strength  commer¬ 
cially  pure  titanium  which  has  a  minimum  yield  strength  of  70,000  psi, 
has  elongation  to  the  order  of  22$  or  23$.  You  can  buy  alloy  grades  of 
titanium  at  yield  strength  levels  of  110,000  and  120,000  psi  minimum. 

We  have  seen  tensile  strengths  cf  the  order  of  200,000  psi,  with 
elongations  close  to  20$.  Those,  however,  are  not  commercial  applicar- 
tions. 


For  the  most  part  today  much  of  the  alloyed  titanium  on  the  marhet, 
and  a  good  deal  of  the  fabrication  of  alloyed  titanium,  is  still  in  the 
evaluation  and  reproducibility  stages.  The  only  way  the  material  can 
come  out  of  that  stage  is  by  continued  use  over  an  extended  period  of 
time.  This,  we  hope,  will  be  the  course,  as  the  various  products  come 
out  of  the  developmental  stage,  as  potential  consumers  use  the  oroducts 
that  are  available  now,  and  help  in  evaluating  not  only  the  materials, 
but  also  the  techniques  used  in  fabricating. 


AVAILABILITY  OF  TITANIUM 

IV 

By:  G*  T.  ERASER,  Sales  Manager,  Eem-Gru  Titanium,  Incorporated, 

Midland,  Pennsylvania 

Many  of  you  are  interested  in  becoming  acquainted  with  titanium,  and 
to  evaluate  its  possible  use  in  your  particular  field.  Our  research  and 
development  groups  are  most  interested  in  cooperating  with  any  titanium 
users  in  evaluating  new  applications  for  this  metal. 

We  produce  two  grades  of  commercially  pure  titanium,  EC-55  and  EC-70. 
These  two  grades  are  designated  by  the  numbers  55  and  7C  to  denote  the 
minimum  yield  strength.  The  EC-55  grade  has  a  minimum  yield  strength  of 
55,000  psi,  and  the  EC-70  a  minimum  yield  strength  of  70,000  psi.  We 
are  currently  producing,  on  a  production  basis,  two  titanium  base  alloy 
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grades,  EC-130-A,  and  HC-130-3.  Grade  RC-130-A  is  primarily  an  alloy 
sheet  material  having  7>>  manganese  with  a  minimum  yield  strength  of 
110,000  psi.  Our  ?.C-130“3  is  a  titanium  base  alloy  containing  4^ 
manganese  and  4$  aluminum,  with  an  average  nominal  minimum  yield 
strength  of  130,000  psi.  This  particular  grade  is  primarily  a  bar  and 
forging  alloy.  It  is  not  consf  dered  as  a  sheet  alloy. 

Our  commercially  pure  titanium  grades  are  furnished  in  all  standard 
forms,  such  as:  sheet,  plate,  wire,  bar,  tubing,  forgings  and  billets. 
The  minimum  gauge  of  sheet  which  we  furnish  in  the  commercially  pure 
grade  is  .016” .  Our  standard  size  sheet  is  36”  x  96“ •  However,  we  are 
producing  sheets  48”  x  148” .  The  titanium  base  alley  sheet,  RC-13G-A 
is  produced  in  a  minimum  gauge  of  .023” .  It  is  available  in  standard 
size  sheets  36”  x  96".  The  alloy  material  which  is  used  for  bars  and 
forging  alloys,  RC-130-B  a3  well  as  RC-70  is  produced  in  all  standard 
sizes  of  bar,  square,  rectangle  or  round,  and  also  in  billets  up  to 
approximately  1,000  pounds  in  weight.  Tubing  at  the  present  time  is 
furnished,  in  the  EC-33  commercially  pure  grade.  Tubing  sizes  will  vary 
from  1/ 8”  O.D.  up  to  approximately  3" •  The  maximum  wall  thickness  is 
1/8”  at  the  present  time. 

The  fact  that  titanium  is  available  today  in  most  standard  forma 
does  not  necessarily  mean  that  it  is  available  in  unlimited  quantities. 

It  is  estimated  that  1500  ingot  tons  will  be  produced  this  year  by  the 
entire  titanium  industry,  and  we  are  hopeful  of  reaching  at  least  4,000 
ingot  tons  during  the  year  1953*  Such  a  production  figure  is  based  on 
the  estimated  quantity  of  titanium  sponge  that  is  going  to  be  produced 
during  1953- 

To  those  of  you  who  feel  that  your  evaluation  of  the  metal  might  be 
premature  at  this  time,  economically  speaking,  we  ask  that  you  at  least 
begin  your  preliminary  investigations  of  titanium.  Undoubtedly  you  will 
encounter  some  new  problems  in  working  titanium  for  the  first  time,  ae  is 
the  case  when  working  any  new  metal.  It  is  wall  to  become  acquainted 
early  with  any  such  problems  so  that  you  will  be  prepared  when  an 
opportunity  arises  regarding  large  scale  production  of  titanium. 

Titanium  is  not  a  metal  which  will  resist  high  temperature,  although 
it  has  a  high  melting  point  of  3150°F.  It  is  not  practical  to  consider 
the  use  of  titanium  for  long-time  high  temperature  applications  in  excess 
of  950®F.  Commercially  pure  titanium  can  be  fabricated  with  standard 
sneet  metal  working  equipment  at  room  temperature,  .providing  that  tho 
same  precaution  be  taken  in  working  titanium  that  would  be  considered  as 
standard  practice  for  the  working  of  1/4  or  1/2  hard  stainless  steel 
sheet.  For  intricate  forming  operations,  such  as  drop  hammer  forming, 
pressed  die  forming  and  deep  drawing,  it  is  recommended  that  the  material 
be  formed  at  temperatures  in  a  range  of  500°  to  600°F.  For  intricate 
forming  of  titanium  alloy  sheet  we  recommend  that  the  metal  be  worked  at 
300°F.  Commercially  pure  titanium  can  be  formed  by  spinning  quite 
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satisfactorily  if  the  metal  is  worked  at  a  temperature  of  approximately 
SOO°F. 

In  closing  we  wish  to  advise  you  that  if  you  care  to  obtain  titanium 
without  a  priority  in  small  quantities  there  is  a  limited  stock  of 
material  on  hand* 


TITAIUUM  Hi  ORPMAliOB 

By:  HORMAN  L.  REED,  Industrial  Staff  Consultant,  Ordnance  Corps, 

Watertown  Arsenal,  Watertown,  Massachusetts 

The  Ordnance  Corps  designs,  produces  and  maintains  the  combat 
equipment  of  the  army.  It  is  essential  that  this  equipment,  unfailingly, 
give  maximum  performance  under  all  types  of  service  conditions.  These 
service  conditions  are,  in  many  cases,  much  more  severe  than  those  en¬ 
countered  in  civilian  pursuits.  At  the  same  time  our  army  must  be  pre¬ 
pared  to  use  this  equipment  under  battle  conditions  in  any  part  of  the 
world.  The  weight  of  each  piece  of  fighting  equipment  is  subject  to 
scrutiny  by  those  wno  use  it  in  service  and  those  groups  that  must 
transport,  including  transportation  by  an  airlift  system,  the  items  to 
the  combat  area. 

The  factor  of  safety  that  the  Ordnance  designer  allows  is  always 
low.  He  cannot  build  into  Ordnance  equipment  an  extra  allowance  as 
protection  against  a  certain  demand  since  an  extra  allowance  means 
greater  weight  or  massiveness.  Tests  to  assure  that  the  designer's 
minimum  requirements  are  present  in  the  starting  material  and  in  she 
finished  product  are  an  everyday  occurrence  within  the  Ordnance  Corps. 

On  the  basis  of  the  preceding  demands  you  can  readily  believe  that  we, 
i.e.,  the  Ordnance  Corps,  are  severe  taskmasters  when  the  use  of  any 
engineering  metal  or  alloy  is  considered. 

We  have  put  titanium  and  titanium  alloys  to  work  in  some  Ordnance 
equipment.  We  are  now  building  and  we  will  test  many  more  items  -  all 
will  have  to  meet  the  requirements  of  the  using  services.  The  main 
reason  we  have  considered  titanium  is  its  strength  compared  to  its 
weight.  In  general  terms  unalloyed  titanium  has  the  same  strength  and 
ductility  characteristics  as  unalloyed  or  low  carbon  steel.  When  you 
alloy  titanium  you  can  have  the  same  general  characteristics  as  the 
alloy  steels  used  for  constructional  purposes.  In  either  case  the  use 
of  titanium  will  allow  a  saving  of  as  much  as  4o #  of  the  weight  of  the 
steel  item. 

The  army  uses  an  81  MM  mortar  in  front  line  combat.  The  baseplate 
for  this  mortar  has  to  be  manhandled.  We  have  made,  under  production 
shop  conditions,  the  81  MM  mortar  baseplate  redesigned  as  a  one-man 
carry  (two  men  were  required  to  carry  the  steel  item).  It  is  made  from 
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1/10"  thick  and  1/3"  thick  unalloyed  titanium.  After  the  main  oection 
is  shaped,  the  forged  center  cone  and  the  sheet  metal  spades  are  added 
"by  welding  to  complete  the  structure.  The  baseplate,  produced  in  the 
production  shop,  is  now  undergoing  firing  tests  at  the  proving  ground. 

When  the  army  fires  its  artillery  it  is  often  advantageous  to 
obscure  or  hide  the  flash  or  flame  emitted  from  the  muzzle.  A  flash 
suppressor,  screwed  to  the  muzzle  end  of  the  gun  tube,  is  the  answer 
to  this  problem.  However,  the  weight  of  this  component,  strong  enough 
to  do  the  job  when  made  of  steel,  is  very  objectionable.  Recently  pro¬ 
duced  titanium  flash  suppressors  are  light  enough  so  that  they  do  not 
impair  gun  efficiency,  and  yet  they  are  sufficiently  strong  to  withstand 
the  forces  imposed  at  the  almost  explosive  rate  at  which  the  ^un  blast 
occurs. 

Field  gun  mounts  have  trails  to  carry  the  firing  stresses  to  the 
ground,  and  anti-aircraft  gun  mounts  have  outriggers  to  prevent  exces¬ 
sive  tipping  during  firing.  Ordinarily  these  are  of  steel.  Both  of 
these  items  are  under  construction  in  titanium.  Preliminary  testa  of 
box  girder  type  beams  have  been  made  and  prototype  outriggers  of  tita¬ 
nium  have  been  subjected  to  load  tests.  If  any  deficiencies  are  en¬ 
countered,  redesign  and  redisposition  of  titanium  components  will  be 
accomplished  to  give,  for  example,  the  same  deflection  (bending)  during 
loading,  as  the  steel  counterpart. 

Our  request  for  tubular  sections  of  titanium  for  recoilless  rifle 
or  mortar  tubes,  and  for  the  recoil  cylinders  of  gun  mounts  hastened  to 
a  considerable  extent  the  industrial  effort  to  develop  a  tube  manufac¬ 
turing  process.  The  needed  tubes  were  hot  extruded,  i.e.,  they  were 
"squirted"  from  51  short  chunky  billet  of  titanium  alloy  in  an  extrusion 
press. 


Some  of  our  gun  mounts  require  a  .frame,  much  like  on  automobile  or 
truck  frame  (chassis).  There  is  currently  under  design  a  g’in  mount  or 
frame  that  will  use  alloyed  titanium.  Current  indications  are  that  the 
new  mount  will  be  to  YJb  lighter  than  one  of  equal  strength  made  of 
steel.  Road  wheels  for  Similar  mounts,  made  of  titanium,  have  been  de¬ 
signed  and  a  contract  for  their  manufacture  is  being  placed. 

In  the  reciprocating  parts  of  an  automatic  small  arms  weapon  a 
small  steel  component  made  as  hard  and  as  tough  as  practicable  managed 
to  hammer  itself  into  a-nonusable  condition  by  impact  against  a  fixed 
portion  of  the  weapon.  The  component  is  now  mode  of  titanium  of  the 
same  strength  and  toughness  as  the  original  steel  part.  It  is  hO# 
lighter,  and  therefore  it  has  less  mass  and  it  does  not  deform  under 
severe  service  conditions. 

Since  titanium  alloys  can  be  tough  as  well  as  have  high  strength, 
plates  of  the  material  have  been  subjected  to  firing  or  ballistic  tests. 
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It  is  conceivable  that  a  considerable  weight  reduction  in  armoi-ed 
vehicles  is  possible;  if  substitution  could  be  done  on  a  gage  for  gage 
basis  it  would  be  theoretically  possible  to  save  kofi  on  those  parts 
substituted. 

Titanium  is  under  consideration  for  airborne  missiles  and  aircraft 
components  tc  replace  either  the  heavy  stainless  steels,  or  the  lighter 
metals  which  lost  their  strength  at  the  temperature  levels  developed  by 
the  friction  of  these  items  when  moving  through  the  atmosphere  at  very 
high  speeds. 

Bridges  constructed  of  titanium,  cylinders  for  the  storage  find 
transportation  of  compressod  gaso3,  and  air  strip  landing  mats  of  this 
light  and  strong  material  have  reached  the  development  and  planning  stage 
by  Department  of  Defense  units  other  than  the  Ordnance  Corps. 

To  date  in  many  of  the  Ordnance  applications  there  has  been  direct 
substitution  of  titanium  for  steel  particularly  since  the  interchange¬ 
ability  of  components  is  necessary  until  such  time  as  adequate  quantities 
of  titanium  become  available  and  the  economic  aspects  are  satisfactory. 
This  direct  substitution  is  recognized  as  being  less  than  optimum  in  some 
cases.  We  expect  the  most  favorable  results  in  titanium  will  be  from  ap¬ 
plications  where  the  design  takes  into  account  the  difference  in  charac¬ 
teristics  of  titanium  and  steel,  and/or  the  other  metals,  formerly  used. 
In  these  cases  titanium  will  be  used  to  its  best  advantage  irrespective 
of  previous  designs  established  for  other  engineering  metals. 

In  summary,  we  have  used  the  titanium  produced  by  the  companies 
represented  here  today.  We  have  utilized  most  of  the  processes  that 
will  be  described  to  you  by  those  that  follow  me  on  this  program.  We 
are  pleased  with  the  results  and  not  frightened  by  the  changes  in  pro¬ 
cedure  with  which  w©  have  been  confronted  in  order  to  produce  much 
lighter  weight  Ordnance  components  than  we  have  had  in  the  past  from 
steel  or  ferrous  alloys.* 


♦Attention  was  called  to  a  titanium  exhibit  assembled  by  the  staff  of  the 
Watertown  Arsenal  laboratory  who  were  in  ,t tendance  to  answer  questions. 
As  shown  on  the  accompanying  photographs  there  were  individual  displays 
of  components,  charts  and  test  results  pertinent  to: 

Physical  Characteristics  of  Titanium 
Titanium  Surfaces  —  Behavior  and  Treatment 
Processing  of  Titanium 

Casting  -  Forging  -  Drawing  -  Compacting 
Commercially  Available  Products 
Ordnanco  Application  of  Titanium 
Welding  of  Titanium 
Amor  Applications 


r»e»  i30  8 
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OCt  1052  CXMlttT  AT  TITANIUM  SYMPOSIUM  WTN. 021-1741 


AT  T,TANIUM 


•  OCT  I  OSS  EXHIBIT  AT  TITANIUM  SYMPOSIUM  WTN.B2I-I74? 


8  OCT  1952  EXHIBIT  AT  TITANIUM  SYMPOSIUM  WTN. 921-1743 


?Q? GINS  OF  TITANIUM 


By:  HICHAHD  J.  BULLOCK,  Research  &  Development  Engineer,  Y/yr.an- 

Gordon  Company,  Worcester,  Massachusetts 

The  purpose  of  this  talk  is  to  present  the  techniques  and  experi¬ 
ences  of  the  Wyman-Gordon  Company  in  the  making  of  closed  die  contour 
titanium  alloy  forgings. 

About  three  jears  ago  \:e  had  our  first  opportunity  to  make  a 
titanium  alloy  forging.  The  part  was  a  large  compressor  wheel  weighing 
approximately  200  pounds  as  forged.  A  200  pound  titanium  alloy  wheel  is 
the  equivalent  in  volume  of- a  360  pound  steel  wheel.  The  forging  was 
27  1/2"  in  diameter  with  a  1.00“  thick  web,  a  3*00"  thick  ring  at  the 
outside  diameter,  and  a  3  7/2”  thick  ring  at  the  half  radius.  An  integral 
test  ring  was  incorporated  in  the  finish  forging  design  to  provide  for 
100/3  tensile  testing  of  the  forgings. 

The  material  specified  for  the  wheel  forging  was  a  Cr-Fe-Ti  alloy. 

The  supplier  of  this  material  had  no  facilities  for  converting  their 
ingot  material  to  wrought  billet,  so  we  were  required  to  accept  an  in¬ 
duction  melted  as  cast  ingot.  The  ingots  were  cast  in  a  carbon  Cx-ucible 
which  produced  a  very  irregular  hard  layer  on  the  outside  of  tne  ingot. 
Because  of  the  surface  defects  it  was  necessary  to  remove  3/fcn  from  tne 
radius  and  eoth  ends  of  the  ingot.  The  rough  outer  layer  was  found  to 
be  particularly  hard  on  tool  life,  so  a  rough  grinding  operation  was 
initiated  preceding  the  turning  operation.  The  removal  cf  tne  outer 
skin  by  grinding  increased  the  tool  life  and  decreased  machining  time. 

In  almost  all  cases  the  machining  operation  did  not  eliminate  all  of 
the  surface  defects.  Etching  and  grinding  was  necessary  to  remove  the 
local  defects  which  were  not  reinoved  in  the  machining  operation.  When 
the  ingot  was  completely  free  of  all  visual  defects,  the  forging  opera¬ 
tions  were  performed. 

The  first  step  in  converting  the  ingots  to  a  finished  wheel  was  to 
cog  the  ingot  from  its  starting  size  of  approximately  11"  in  diameter 
to  a  bar  approximately  9"  in  diameter  by  1?"  long.  The  bar  was  then  upset 
to  a  biscuit  about  20M  in  diameter.  Heating  of  the  ingot  for  the  cogging 
and  upsetting  operation  was  done  in  a  rotary  hearth  type  furnace  fired 
by  oil.  The  cogging  and  upsetting  was  done  on  flat  dies  mounted  in  a 
1500-ton  hydraulic  press. 

In  the  first  trial  runs  W9  limited  our  runs  to  two  ingots.  Being 
unfamiliar  with  the  material,  care  was  taken  to  limit  the  amount  of  re¬ 
duction  mads  with  each  squeeze  of  the  press;  however,  as  more  experience 
was  gained,  we  were  able  to  process  ten  Ingots  through  the  cogging  and 
upsetting  operation  in  the  seme  setup  by  drawing  each  ingot  in  one  heat, 
reheating  and  upsetting  after  the  reheat. 


The  biscuits  after  spot  conditioning  were  ready  for  the  ham. .er 
forging  operations.  Because  of  the  ge one try  of  the  finished  part  a 
blocking  die  was  necessary.  Both  the  blocking  and  finishing  operations 
were  performed  in  20,000  pound  steam  drop  hammers.  T.ae  heating  of  the 
biscuits  was  done  in  a  rotary  hearth  furnace.  When  up  to  heat  the 
biscuits  were  run  through  the  blocking  hammer,  recharged  into  the  furnace, 
and  r'jn  through  the  finish  operation  and  trimmed.  Approximately  75 
wheel:,  were  forged  before  this  experimental  wheel  progran  was  completed- 
The  physical  properties  obtained  from  the  integral  test  ring  of  one 
average  forging  were:  Y.S.  (  2£  offset)  114,300,  T.S.  122,300,  Percent 
Elongation  8.0. 

I  would  now  like  to  go  on  to  our  more  recent  experiences  in  forging 
large  compressor  wheels  of  titanium  alloy.  In  the  early  wheel  program 
the  number  one  problem  was  converting  the  cast  ingots  into  a  forging 
material.  Today  the  suppliers  of  titanium  alloy  are  supplying  sound 
billet  material  ready  for  forging  without  press  or  hammer  preworking. 

At  present,  we  are  forging  a  number  of  wheels  on  a  semiproduction  basis. 
The  wheels  range  in  size  from  201*  to  25”  in  diameter  and  in  weight  from 
80  to  110  pounds. 

The  two  principal  alloys  that  are  presently  being  used  for  the  wneel 
programs  are  Ti-l^O-A  alloy  and  Hem-Cru  130-B  alloy.  Both  alloys  are 
being  processed  in  much  the  same  manner.  The  material  is  being  supplied 
as  round  cornered  square,  or  as  turned  round-  The  sizes  most  used  are 
2"  diameter  or  2"  square  The  cut  multiples  axe  heated  at  1730°?  for 
both  alloys  and  forged  directly  in  the  hammer  dies  Test  results  obtained 
in  very  recent  runs  of  bet-h  alloys  have  yielded  very  good  physical 
properties. 

The  Wyman-Oordon  Company  has  not  limited  the  titanium  forging  program 
to  the  manufacture  of  large  closed  die  forgings.  Smaller  forgings  ranging 
in  weight  from  13  ounces  to  IS  pounds  have  been  made  on  mechanical  forging 
machines-,  upsetter  machines,  hyOraulic  presses  and  steam  drop  hammers 
ranging  in  size  from  1000  pounds  to  5^0  pounds - 

One  of  the  first  experimental  titanium  small  forgings  w.;ich  was  made 
at  our  Worcester  plant  was  an  aircraft  pi 3 ton.  The  tools  fer  this  piston 
were  designed  for  forging  aluminum  alley  forgings  and  had  been  used 
successfully  in  manufacturing  thousands  of  aluminum  alloy  pistons.  The 
titanium  alloy  selected  for  this  experiment  was  6n  diameter  Ti-150-A 
alloy.  The  forging  operations  consisted  of  preblocking,  blocking  and 
finishing. 

Keating  of  the  material  was  accomplished  in  rotary  hearth  type 
furnaces  controlled  at  lo500F,  The  preblocking  operation  was  made  on  an 
800  ton  single  action  hydraulic  press.  Both  the  blocking  and  finishing 
operations  were  forged  in  5000  pound  steam  drop  hammers.  In  the  two 
hammer  operations,  the  piece  wa9  forged  over  a  plug  which  formed  the 
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inside  diameter  and  wrist  pin  bosses  of  the  piston,  The  draft  angle  on 
the  plug  of  the  blocker  die  was  5°  the  draft  angle  on  the  plug  of 
the  finish  die  1°.  In  the  forging  both  the  finish  and  blocking  opera¬ 
tions,  the  forging  stuck  on  the  plug.  In  addition  to  the  sticking 
problem,  a  phenomenon  known  as  n firing1  occurred  during  the  finish 
forging  of  one  piston.  Firing  is  local  burning  of  the  forging  material 
presumably  caused  by  friction  between  the  work  piece  and  die  blocit. 
Oftentimes  this  condition  may  cause  the  loss  of  the  forging  and  ir¬ 
reparable  damage  to  the  dies.  In  the  case  of  the  piston,  we  were  able 
to  grind  out  the  fire  mark  in  the  die  and  in  the  piston  and  satis¬ 
factorily  complete  the  forging  operation. 

An  investigation  of  the  feasibility  of  using  slow  acting  hydraulic 
presses  for  the  forging  of  titanium  in  contour  dies  has  been  made.  A 
relatively  simple  wheel  forging  6  3/^tt  i*1  diameter  weighing  13  pounds 
with  a  cross  section  contour  shaped  like  a  dog  bone  was  selected  for  the 
press  forging  investigation.  For  comparison,  two  wheels  were  made  in  a 
3000  pound  hammer  and  two  wheels  were  made  in  the  same  dies  mounted  in 
a  1500  ton  hydraulic  press.  ‘The  four  multiples  (two  for  the  nam.or  and 
two  for  the  press)  were  cut  from  the  same  heat  of  Ti-l^O-A  material. 

As  near  as  possible,  the  processing  of  the  press  forged  and  haimer 
forged  wheels  were  identical.  Heating  temperatures,  heating  cycles,  die 
heating  and  die  lubricant  type  and  amount  were  controlled  to  reduce  the 
variables  and  make  an  accurate  comparison  possible.  The  forging  results 
were  quito  surprising.  Superficially,  the  press  forgings  were  better 
than  the  hammer  forging3.  A  comparison  of  physical  properties  snowed 
that  the  press  forgings  had  higher  yield  and  ultimate  tensile  values 
than  the  hammer  forgings,  and  that  the  ductility  values  were  about  the 
same. 


Small  experimental  forgings  have  been  made  in  limited  quantities 
in  dies  designed  for  steel  forgings.  Small  shallow  die  impression 
forgings  present  no  problem  in  hammer  dies  designed  for  steel;  however, 
if  the  impression  is  deep,  and  the  draft  angles  on  male  plugs  in  the 
die  are  not  greater  than  5°»  trouble  with  sticking  on  the  die  is  very 
likely  to  occur. 

Hot  upsetting  in  mechanical  upsetter  machines  looks  very  promising. 
A  few  gear  forgings  have  been  made  on  a  No.  4  upsetting  machine  with 
good  results. 

Titanium  is  a  clean  material  with  which  to  work.  Unlike  carbon  and 
low  alloy  steels,  titanium  does  not  form  a  heavy  scale  when  heated  to 
forging  temperatures.  This  eliminates  the  necessity  of  descaling  before 
forging,  and  it  also  eliminates  the  scale  pocket  so  prevalent  in  steel 
forgings.  However,  titanium  does  form  a  scaled  surface  when  heated  to 
forging  temperature.  This  scale  is  a  rust  colored  oxide  which  has 
abrasive  qualities  and  is  very  hard  on  machine  tools.  This  titanium 
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scale  may  very  veil  reduce  the  life  of  die  sets  in  production  forcing 
below  the  number  of  forgings  expected  of  the  sane  dies  in  forging  steel. 
This  i3  only  a  supposition  since  the  number  of  titanium  pieces  forged 
to  date  in  any  given  seu  of  dies  has  been  far  too  few  to  accurately 
prophesy  die  life.  Anotaer  characteristic  of  the  titanium  scale  is  that 
it  adheres  to  the  die  surface. 

Forgings  made  in  shallow  impression  dies  have  a  very  smooth  surface; 
however,  if  the  die  impression  is  irregular  with  extreme  changes  from 
shallow  to  deep  pockets,  a  rough  surface  often  results  in  the  portion  of 
the  forging  formed  in  the  deep  die  cavities. 

Just  a  word  about  the  shrinkage  of  titanium  forgings.  We  have  had 
many  customers  request  that  a  few  titanium  forgings  be  made  in  their  die 
sets  vhi ;h  were  designed  for  steel  forgings.  In  many  cases,  we  have 
produced  these  forgings  on  an  experimental  basis,  knowing  that  the  forgings 
were  to  be  used  for  investigation  of  the  alloy.  In  production  forging 
this  would  not  be  practical  because  of  the  difference  in  shrink  between 
most  common  alloy  steel  forgings  and  titanium.  This  difference  in  shrink 
results  in  a  l/Sn  per  foot  oversize  condition  in  all  directions  on  a 
titanium  forging  produced  in  dies  designed  for  steel. 

In  almost  all  closed  die  forgings,  there  is  an  opening  all  around 
the  die  impression  into  a  cavity  called  a  gutter.  This  opening  is 
called  a  flash.  Itc  purpose  is  to  provide  a  channel  for  forcing  the 
excess  forging  material  in  the  die  impression  out  into  the  gutter  to 
allow  the  dies  to  be  brought  down  to  the  proper  closure.  The  thick¬ 
ness  of  the  flash  in  steel  forging  design  is  generally  dictated  by  the 
size  and  the  geometry  of  tho  forging.  This  design  practice  holds  true 
for  titanium  except  that  experience  has  indicated  that  for  a  given 
part,  the  flash  thickness  for  titanium  will  be  heavier  than  for  the 
same  part  made  as  a  steel  forging.  The  reason  for  this  is  that  the 
titanium  flash  as  it  cools  in  the  relatively  thin  flash  section  tends 
to  choke  off  the  avenue  of  escape  for  the  excess  material  resulting  in 
a  heavy  forging  in  a  plane  normal  to  the  die  parting  plane. 

Fortunately,  titanium  forgings  trim  quite  easily  at  the  finishing 
temperature  of  billets  heated  at  1750oy* 

Another  point  to  bear  in  mind  is  the  problem  of  die  heating.  In 
large  forgings  approaching  the  capacity  of  the  equipment  being  used, 
the  working  temperature  range  is  quite  narrow.  Heating  of  the  dies  helps 
considerably  in  reducing  the  heat  loss  from  the  work  piece  into  the  dies. 

The  resistance  to  deformation  of  titanium  at  a  forging  temperature 
of  1750°F  is  considerably  greater  than  that  of  SAE  4340  steel  at  its 
forging  temperature  of  2250°F.  Compressor  wheels  of  both  materials  have 
been  forged  in  the  same  dies,  and  in  the  sane  equipment.  The  SAE  4340 
wheels  were  completed  in  far  fewer  hammer  blows  than  were  the  titanium 
alloy  wheels. 


A  bright  spot  in  forcin';  titanium  is  its  resistance  to  cracking 
when  being  hot  deformed.  There  have  been  instances  of  ova- face  defects, 
which  were  missed  in  conditioning  the  billet  material,  opening  up  under 
the  first  few  hammer  blows.  Even  thougn  the  multiples  were  given  severe 
reductions  after  the  opening  of  the  surface  defects,  the  crocus  did  not 
propagate. 

In  the  overall  forging  picture,  titanium  does  not  behave  line  any 
other  forging  material;  rather  it  is  a  material  with  its  own  exclusive 
forging  characteristics. 


COLD  FOBl-illlG-  QF  TITANIUM 

By;  J,  WALTER  BULLIE3EII,  General  Superintendent,  Worcester 

Pressed  Steel  Company,  Worcester, 
Massachusetts 

We  heard  something  of  this  wonder  metal  about  two  years  ago  and 
decided  that  we  should  investigate  it,  because  after  all  you  cannot 
ship  a  customer  a  carload  full  of  tensile  properties,  nor  a  box  full  of 
Charpy  tests.  You  have  to  make  something  out  of  the  material  in  order 
to  use  these  marvelous  characteristics.  We,  therefore,  purchased  a 
small  supply  of  the  sheet  titanium,  commercially  pure  Ti-75-A,  and  de¬ 
cided  to  see  what  could  be  done.  Me  found  that  the  material  had  con¬ 
siderable  promise,  it  had  good  formabiiity,  it  seemed  to  possess  some 
of  the  qualities  that  would  make  it  suitable  for  our  field.  When  you 
consider  that  titanium  is  the  fourth  most  abundant  metallic  element, 
naturally  from  our  point  of  view  it  will  never  achieve  its  full 
destination  unless  you  can  make  stampings  out  of  it,  because  after  all 
isn't  that  one  of  the  most  efficient  ways  of  fabricating  metal  products? 

In  making  stampings  it  is  entirely  a  condition  of  cold,  plastic 
^low.  The  material  must  be  stressed  beyond  its  elastic  limit  to  cause 
it  to  flow.  It  must  not  be  stretched  beyond  the  ultimate  strength  or 
it  will  rupture  and  so  we  in  the  stamping  industry  have  t;>  work  between 
the  end  of  the  elastic  limit  or  the  yield  point  and  the  ultimate 
strength  of  she  material,  and  if  you  will  look  at  the  physical  properties 
of  commercially  pure  titanium  you  will  find  that  there  is  a  reasonable 
spread  between  those  two  values,  and  this  is  the  no  mans  land  in  which 
we  operate.  Also  titanium  has  a  fairly  good  elongation,  20p  to  30$, 
and  this  was  hopeful.  We  tried  a  piece  of  titanium  in  some  steel  dies 
which  had  been  used  in  drawing  cups  in  ordinary  cold  rolled  steel  and 
succeeded  in  drawing  a  cup. 

This  cup,  (exhibiting  same),  was  drawn  from  commercially  pure  titanium, 
r:v\  we  were  quite  elated  to  find  that  the  material  had  the  plastic  ability 
eforn  in  tnis  manner,  but  our  sorrow  was  great,  because  we  found 
immediately  upon  having  made  the  first  piece  that  there  was  a  bad 


condition 

roughened 


of  scratching  on  the  side  wall  iu.d  the  die  was  considerably 
up.  As  v/c  proceeded  in  our  tests  and  our  experiments  we 


found  that  this  initial  trouble  was  going  to  plague  us  ail  throw;.-:  our 
tests,  and  our  problem  became  just  as  much  one  of  solving  the  frictional 
difficulties  as  one  of  causing  the  material  to  flow.  Tnere  is  a  way  in 
the  stamping  industry  to  measure  the  ar.ount  of  fornability.  We  consider 
the  diameter  of  the  blank  in  relationship  to  the  diameter  of  the  cup 
which  is  produced,  that  gives  us  a  ratio  and  subtracting  that  from  100^ 
we  get  a  value  that  is  known  as  the  percent  reduction.  The  percent  re¬ 
duction  equals  IGOp  minus  the  diameter  of  the  cup  divided  by  the 
diameter  of  the  blank..  How  for  good  plastic  material  it  is  a  good 
commercial  round  figure  to  say  that  40^  to  45$  reduction  is  a  pretty 
good  job. 


The  first  test  consisted  in  a  reduction  of  34$  and  was,  therefore, 
quite  encouraging.  The  problem  of  solving  the  pickup  on  the  dies  next 
engaged  our  attention  and  we  used  a  variety  of  high  pressure  lubricants, 
but  these  were  not  sufficient.  We  then  tried  bonderizing  which  con¬ 
sisted  in  immersing  the  blanks  in  a  solution  consisting  of  33  pounds  of 
bonder! te  in  one  hundred  gallons  of  water,  to  which  had  been  added  seven 
ounces  of  sodium  chloride,  the  entire  bath  at  lSO°F  and  when  the  blanks 
were  immersed  for  about  ten  minutes  they  obtained  a  phosphate  coating  which 
lent  itself  very  <?ell  to  the  drawing  operation.  It  was  in  addition 
necessary  to  still  use  a  good  high  pressure  lubricant  and  by  tnis  means 
we  were  able  to  reduce  the  amount  of  scoring  of  the  dies  but  not  entirely 
eliminate  them. 


In  attempting  our  next  draw  we  took  a  rather  large  blank  of  .072" 
gauge  material  and  reduced  it  to  2  3/4^  diameter.  This  cup  represents 
ou *  second  attempt,  and  here  you  see  a  reduction  of  36$.  We  did  some¬ 
thing  a  little  different  in  this  case  by  using  a  bronze  die  ampco  metal 
which  is  supposed  to  have  better  frictional  properties  and  is  well 
thought  of  for  drawing  stainless  steel.  However,  we  found  that  this 
was  not  the  answer  entirely  either,  because  the  assistance  we  got  from 
the  use  of  the  bronze  die  was  not  great  enough  to  amount  to  an  answer. 


Our  next  attempt  was  to  see  what  could  be  done  with  successive 
drawing  operations,  because  it  is  obvious  that  if  you  are  limited  to 
some  40$  or  45$  in  the  first  reduction  then  you  must  put  furtner  opera¬ 
tions  on  a  par  in  order  to  obtain  longer,  smaller  diameter  shells,  and 
we  chose  for  this  experiment  a  filter  case  which  we  normally  make  from 
cold  rolled  steel.  This  filter  case,  (exhibiting  eame) ,  is  made  in 
three  operations. 

First  the  initial  blank  and  cup  which  consisted  of  about  40$  reduc¬ 
tion  from  the  diameter  of  the  blank  to  the  diamete:  of  the  cup.  The 
next  operation  was  a  further  reduction  and  this  was  followed  by  still 
further  reduction.  As  the  diameter  is  reduced  the  length  increases. 

How  we  have  the  general  shape  and  the  final  striking  operation  produces 
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sone  ribs  in  the  "bottom,  puts  a  sharp  corner  radius  at  t..e  flan  ;e  and 
practically  finishes  t..o  filter  cn.se,-  Although  these  operation  '/ere 
done  without  any  intermediate  annealing  in  cold  rolled  s'ceei,  u  found 
that  the  titanium  work  harden  d  so  rapidly  that  it  was  necessary  to 
introduce  an  intermediate  stress  relief  between  each  of  these  opera¬ 
tions.  Vie  also  were  enabled  in  this  particular  case  to  test  the  value 
of  sintered  carbide  dies  and  we  found  that  this  was  a  groat  help  too 
in  mitigating  the  scoring  that  takes  place.  Some  of  you  may  wonder 
why  I  emphasize  this  problem  of  scoring,  because  after  all  what  differ¬ 
ence  does  a  few  scratches  make.  V/ell  conceivably  you  might  be  making  a 
product  on  which  a  few  scratches  made  very  little  difference,  put  the 
scratches  indicate  that  little  particles  of  titanium  are  being  scraped 
from  the  surface  of  the  material  and  are  being  cold  welded  to  the  die 
malting  small  nodules,  and  the  next  piece  that  goes  through  will  be 
ripped,  as  it  wore,  with  a  file  like  surface,  and  you  very  shortly 
reach  the  end  of  that  type  of  procedure,  so  it  is  mandatory  to  solve  this 
problem  of  the  frictional  trouble  which  we  ran  into. 

We  found  that  we  obtained  a  very  satisfactory  stress  relief  which 
restored  the  ductility  of  the  material  by  heating  to  l>2p0F  for  a 
natter  of  four  to  ten  minutes,  depending  on  the  thickness  of  the 
material  That  was  done  without  any  controled  atmosphere,  witnout  any 
quenchin.:,  simply  an  air  cool  afterwards.  The  material  is  not  diffi¬ 
cult  to  stress  relief,  but  v/e  run  into  the  problem  of  scaling  on  the 
surface  and  die  to  tne  fact  that  titanium  resists  the  action  of  the 
normal  pickling  solution  it  is  necessary  to  descale  by  means  of  either 
the  Dupont  Process  or  the  Hooker  Process,  or  some  other  equivalent 
process  in  order  to  restore  the  surface  conditions  which  are  best 
suited  to  the  deep  drawing  operation. 

I  have  cautioned  you  not  to  thi..m  of  our  procedure  in  deep  drawing 
as  a  st re tuning  operation,  but  rather  as  a  problem  in  cold  flow.  When 
we  find  that  we  increase  the  blank  beyond  a  certain  point  we  no  longer 
can  draw  a  cup  through  because  the  punch  instead  of  drawing  the  material 
through  the  die  will  merely  punch  a  hole  where  it  strikes  the  material. 

When  we  cannot  make  a  piece  flow  we  cannot  solve  our  problem  by 
going  to  a  larger  press.  The  material  will  rupture  just  the  same,  so 
it  is  necessary  in  the  deep  drawing  to  pay  strict  attention-  to  various 
small  items.  These  are  the  key  to  successful  deep  drawing,  Tne  things 
which  compose  the  art  of  craftsmanship  involve;  malting  the  tools,  the 
radius  on  the  die,  tre  clearance  between  the  punch*  and  the  die,  the 
amount  of  pressure  wnich  is  used  on  the  blank  holder  and  the  surface 
condition  Ml  of  these  elements  are  very  important..  Ue  have  only 
scratched  the  surface  in  developing  the  answer  to  these  refinements.. 

Having  experimented  with  these  heavier  gauges  of  material  we  de¬ 
cided  to  see  what  could  be  done  with  the  lighter  gauges,  and  we  next 
experimented  with  some  -037"  BC-70  titanium  which  is  another  product  of 
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coamercially  pure  titanium,  and  we  made  some  very  snail  cups  in  this 
material.  Wo  were  able  to  obtain  satisfactory  percentages  of  reduction 
there  also,  and  in  our  first  draw  we  obtained  a  reduction  of  40)o,  which 
is  very  good* 

She  sample  which  I  have  is  so  snail  that  it  ie  net  very  striking, 
but  this  small  cup,  (exhibiting  cane),  which  is  only  about  the  size  of 
my  finger  in  diameter  and  maybe  an  inch  and  a  half  long  is  made  in 
three  successive  operations  starting  with  .037“  material.  We  also  did 
the  same  with  .023“,  three  draws  each  one  followed  by  an  intermediate 
anneal.  Then  we  tackled  ,01on  with  the  same  procedure  and  we  were  able 
to  make  two  draws,  but  on  the  third  draw  we  found  that  the  material  no 
longer  returned  to  its  former  excellent  plastic  condition  and  the  cups 
in  the  third  draw  split. 

I  do  not  feel  that  this  indicated  an  answer,  or  the  end  of  such 
tests.  I  merely  feel  that  it  was  expecting  a  lot  by  our  somewhat  crude 
and  undeveloped  methods  and  I  think  that  the  problem  can  be  solved  when 
you  roalize  that  .Ol6n  material  is  rather  thin,  and  that  we  carried 
through  two  draws  and  two  anneals  and  finally  the  third  draw  resulted 
in  fracture.  I  think  you  will  agree  with  me  that  probably  our  technique 
will  soon  be  able  to  master  even  this  light  gauge  material. 

We  feel  that  we  have  proven  that  commercially  pure  titanium  has 
sufficient  ductility  to  take  conventional  deep  drawing  operations  with 
reductions  up  to  a  maximum  of  approximately  *40$.  We  found  that  the 
material  work  hardens  rapidly,  and  where  severed  draws  are  involved  it 
is  necessary  to  stress  relieve  between  each  operation.  Stress  relieving 
produces  considerable  scale,  and  therefore,  descaling  is  advisable  after 
each  stress  relief. 

One  of  the  greatest  problems  encountered  was  the  problem  of  lubri¬ 
cation.  Three  things  were  tried  which  seemed  to  be  the  greatest  help. 
The  phosphate  coating,  a  brass  or  copper  plate  on  the  material  and 
anodizing.  After  these  treatments  it  is  still  necessary  to  use  a  high 
pressure  lubricant.  Next  to  the  frictional  problem  the  greatest  need 
which  we  found  seemed  to  be  in  greater  uniformity  of  the  material, 
because  we  found  that  our  results  were  a  little  bit  erratic,  and  that 
there  were  occasions  when  there  were  imperfections  in  the  material,  and 
we  trust  that  we  may  leave  this  problem  in  the  hands  of  the  producers 
confident  that  they  will  solve  them. 


SURPASS  TREATING  AND  CORROSION  OF  TITANIUM 

By;  GEORGS  G.  EEIFER,  Associate  Director  of  Research,  Allegheny 

Ludlum  Steel  Corporation,  Brackenridge,  Pa. 

In  applying  a  material  to  a  given  corrosive  service  many  factors 
other  than  the  normal  resistance  of  the  metal  to  tl  dar  medium 
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involved  must  be  considered  While  there  are  many  commercial  me tala 
available  today  whicn,  rarely  f rom  a  standpoint  01'  chemical  activity, 
arc  superior  to  titanium,  the”-  require  care  in  fabrication,  con- 
trolsd  operating  conditions,  and  special  maintenance  provisions  to 
avoid  failure  from  causes  otner  t  direct  attach.  It  is  in  this  re¬ 
spect  that  titanium  appears  to  have  distinct  advantages  over  many  of 
our  present  day  materials  of  construction. 


The  value  of  a  metal  as  a  corrosion  resistant  material  is  deter¬ 
mined  by  the  following  characteristics:  (1)  Resistance  to  General 
Attach;  (2)  Resistance  to  Localised  Corrosion  or  Pitting;  (3)  Resist¬ 
ance  to  Contact  or  Crevice  Corrosion;  (4)  Resistance  to  Intergranular 
Attach,  and  (5)  Nonsusceptibility  to  Stress  Corrosion  Craching. 


On  the  basic  of  laboratory  tests  titanium  appears  to  be  less 
susceptible  than  many  other  metals  to  most  of  these  types  of  attach, 
and  such  advantages  should  provide  industry  with  a  more  useful 
corrosion  resistant  metal. 


Resistance  to  General  Attach  -  The  most  important  factor  in  the 
selection  of  material  is  resistance  to  general  attach.  Titanium  ex¬ 
hibits  excellent  resistance  to  a  wide  variety  of  corrosive  media;  in 
fact,  its  resistance  covers  a  broader  range,  from  strongly  oxidizing 
to  reducing  solutions,  than  most  metals.  For  example,  it  is  practically 
unattached  by  such  a  strongly  oxidizing  medium  as  fuming  nitric  acid, 
and  yet  it  has  excellent  resistance  in  a  moderate  reducing  environment 
such  as  v/eah  solutions  of  hydrochloric  acid.  In  between  these  extremes, 
there  are  some  acids  which  corrode  titanium  quite  rapidly,  but  these 
cases  are  not  too  numerous- 

The  resistance  of  titanium  to  the  more  common  mineral  acids  is 
shown  as  follows.: 


Nitric  Acid 
Sulfuric  Acid 
Hydrochloric  Acid 
Aqua  Regia 
Phosphoric  Acid 
Hydrofluoric  Acid 
Sulphurous  Acid 
Chromic  Acid 


Resistant  to  all  concentrations  including 
Resistant  up  to  4$  by  weight  at  100°P 
Resistant  up  to  5$  by  weight  at  100°P 
Resistant  up  to  100®? 

Not  resistant,  except  to  cold  dilute  solutions 

Not  resistant 

Unaffected 

Unaffected 


It  can  be  seen  that  titanium  has  excellent  resistance  to  nitric 
acid  of  all  concentrations;  including  the  fuming  grades,  at  all  tempera¬ 
tures  up  to  boiling  at  atmospheric  pressure-  Its  usefulness  in  this 
field  is  demonstrated  by  an  actual  service  application  where  it  is 
proving  very  satisfactory  for  nitric  acid  at  high  temperature  and  pressure* 
Where  sulfuric  and  hydrochloric  acids  are  involved,  the  metal  is  only 
resistant  to  dilute  solutions  up  to  100®?..  However,  the  addition  of 
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saall  amounts  of  certain  inorganic  salts  act  as  excellent  inhibitors 
and  where  such  additions  can  be  made,  it  can  be  used  in  more  concen¬ 
trated  solutions  at  temperatures  up  to  the  boiling  point.  Titanium 
differs  from  most  other  metals  where  hydrochloric  acid  is  concerned, 
in  that  inhibitors  are  completely  effective  in  preventing  even  slight 
attack.  The  fact  that  aqua  regia  does  not  corrode  titanium  is  an  ex¬ 
ample  of  the  inhibiting  effect  of  nitric  acid.  Very  few  metals  are 
resistant  to  aqua  regia. 

Besistanca  of  Titanium  to  Inorganic  Salts  -  Not  much  data  are 
available  on  the  resistance  of  titanium  to  inorganic  salts.  Most  of 
the  information  is  centered  on  the  superior  resistance  of  the  metal  to 
chlorides.  It  is  very  resistant  to  sea  water  and  all  inorganic  chlorides 
including  such  corrosive  substances  as  ferric  and  copper  chlorides, 
and  strong  bleaching  solutions  such  as  the  hypochlorites. 

The  excellent  resistance  of  the  metal  to  nitric  acid  and  to 
dilute  solutions  of  sulfuric  acid  indicates  that  it  night  be  suitable 
for  all  neutral  salts  of  these  acids.  There  is  very  little  informa¬ 
tion  as  yet  on  the  behavior  in  phosphates  or  fluorides.  It  would  be 
logical  to  assume,  however,  that  in  most  of  these  salts  very  low  • 
corrosion  rates  will  be  the  rule. 

Where  alkalies,  such  as  sodium  or  potassium  hydrate  and  the 
carbonates  are  concerned,  extremely  low  corrosion  rates  prevail,  in 
highly  concentrated  solutions  at  boiling. temperature.  Some  slight 
discoloration  may  result  on  prolonged  periods  of  exposure. 

Behavior  of  Titanium  in  Organic  Acids  -  Bata  on  the  behavior  of 
titanium  in  organic  acids  is  limited  to  the  most  commonly  known,  such 
as  acetic  and  lactic.  laboratory  test3  show  that  titanium  is 
practically  unaffected  in  these  acids.  It  is  somewhat  surprising  that 
it  is  quite  rapidly  attacked  in  formic  acid. 

Assistance  to  Localized  Corrosion  or  Pitting  -  Most  commercial 
metals  are  susceptible  to  pitting  or  some  other  fora  of  localized  attack. 
Pitting  may  result  from  the  hydrolysis  of  a  chloride  solution,  or  in 
some  cases  a  sulfate.  It  may  also  be  caused  by  an  oxygen  concentration 
cell,  a  precipitate  formed  as  a  by-product  of  a  reaction,  or  the  formar- 
tion  of  a  foreign  deposit  on  the  metal  surface.  Most  of  these  types  of 
attack  can  be  readily  duplicated  in  the  laboratory.  The  results  of 
pitting  tests  indicate  that  titanium  has  a  very  high  degree  of  re¬ 
sistance  to  localized  corrosion.  Samples  of  the  metal  have  been  exposed 
to  several  vicious  pitting  reagents  such  as -ferric  chloride,  cupric 
chloride  end  sodium  hypochlorite  for  several  months  and  no  noticeable 
corrosion  of  any  type  has  appeared.  These  solutions  produce  rapid  and 
violent  pitting  in  many  other  metals  in  a  matter  of  hours.  Similarly 
solutions  of  sodium  chloride  and  hydrogen  peroxide  have  little  affect 
on  titanium,  while  they  will  pit  certain  light  metals  in  a  short  time. 
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Cne  of  the  most  severe  pitting  conditions  is  encountered  when  a  metal, 
in  contact  with  carbonaceous  or  other  foreign  matter,  is  exposed  to  a 
corrosive  environment. 

The  resistance  of  titanium  to  pitting  is  quite  unusual,  and  from 
this  standpoint  alone,  should  become  a  valuable  material  of  construc¬ 
tion.  In  many  applications  where  pitting  develops  due  to  changes  in 
the  acid  condition  of  stagnant  solutions,  o’r  where  salts  settle  out  on 
the  metal  surface,  titanium  shovld  resist  localized  attack  for  much 
longer  periods  than  other  base  metals. 

Resistance  to  Contact  ar.d  Crevice  Corrosion  -  Contact  and  crevice 
corrosion  are  additional  types  of  localized  attack.  In  fabricating 
equipment  for  corrosive  service  it  often  is  necessary  to  resort  to 
gasketed  joints  or  seals.  In  many  cases  it  may  also  be  difficult  to 
avoid  crevices  caused  by  overlaps  or  corners.  These  conditions  are 
troublesome  sources  of  corrosion.  A  number  of  preliminary  tests  in¬ 
dicate  that-  titanium  is  far  more  resistant  to  localized  attack  than 
most  metals  when  in  contact  with  organic  materials  like  rubber,  or 
when  crevices  are  present. 

In  regard  to  the  effect  of  crevices,  laboratory  tests  indicate 
that  titanium  is  less  susceptible  than  most  other  metals  to  localized 
attack.  While  a  much  longer  testing  period  is  necessary  to  determine 
complete  immunity  to  this  form  of  corrosion,  even  a  short  testing,  period 
-  i  3  sufficient  to  indicate  a  high  degree  of  resistance  to  crevice 
corrosion.  This  should  mean  that  less  frequent  cleaning  operations 
under  gaskets  and  in  crevices  will  be  required  for  titanium  than  for 
most  other  metals. 

Resistance  to  Intergranular  Corrosion  -  Intergranular  corrosion 
is  not  ah  Unusual  phenomenon,  and  is  often  referred  to  as  caustic  em¬ 
brittlement  or  weld  decay.  It  is  caused  by  the  precipitation  of  a 
nonmetallic  or  intermetallic  constituent  around  the  grain  boundaries 
which  results  in  localized  attack  in  this  area.  Intergranular  pre¬ 
cipitates  often  form  from  exposure  in  a  certain  temperature  range. 

There  are  many  simple  remedies  for  avoiding  intergranular  attack  in 
metals,  and  it  is  not  a  serious  problem  in  most  corrosive  applications. 
The  possibility  of  intergranular  corrosion  is  usually  present  where 
welding  is  involved.  In  any  welding  operation  the  metal  in  the  weld 
zone  is  exposed  to  all  temperatures  varying  from  the  melting  point  to 
room  temperature.  Thus  any  temperature  at  which  a,  precipitate  may 
form  exists  in  the  weld  zone.  It  is,  therefore,  important  to  determine 
the  corrosion  resistance  of  welds  and  adjacent  areas. 

Tests  were  carried  out  in  whiph  welded  samples  of  titanium  were 
exposed  to  various  corrosive  media  ranging  from  boiling  nitric  acid 
to  tea  percent  ferric  chloride.  Ko  deterioration  of  the  weld  or  adjar- 
cent  areas  resulted  in  any  of  these  tests.  The  ferric  chloride  test 
has  been  in  progress  for  two  and  one-half  years.  In  addition,  samples 
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of  unwelded  titanium  have  Deers,  aged  at  various  temperatures  for  periods 
up  to  500  hours  and  no  narked  loss  in  corrosion  resistance  was  found 
when  tested  in  boiling  65  percent  nitric  acid. 

The  corrosion  rates  of  the  samples  after  several  aging  treatments 

were: 


•lime  at 
Temperature 
(Hours) 

• 

Temperature 

40C®3?  g00®P  1200®? 

24 

.0002 

.0002 

.0003 

48 

.0002 

.0002 

.0003 

100 

.0002 

.0002 

.0004 

500 

.0002 

.0001 

.0004 

It  appears  from  the  results  of  these  testa  that  titanium  may  not 
be  susceptible  to  intergranular  corrosion.  However,  it  often  is 
difficult  to  select  the  right  environment  for  producing  intergranular 
corrosion  in  a  certain  metal?  and  additional  tests  will  be  required  to 
provide  a  more  definite  answer. 

Honsusceptibility  t?.~  Stress  Corrosion  Cracking  -  Stress  corrosion 
cracking  of  many  metals  is  very  much  akin  to  intergranular  attack  ex¬ 
cept  that  failure  is  of  a  physical  nature.  In  other  words,  while  the 
attack  is  usually  intergranular  the  material  actually  cracks  with  no 
evidence  of  severe  corrosion.  Stress  corrosion  cracking  occurs  onljr^ 
when  a  metal  is  under  stress  in  a  selective  corrosive  environment. 
Similar  to  intergranular  corrosion,  stress  corrosion  cracking  requires 
a  solution  or  environment  which  will  selectively  attack  areas  visually 
around  grain  boundaries,  numerous  tests  have  been  carried  out  on 
stressed  samples  of  titanium.  The  tests  are  in  the  form  of  horseshoe 
shaped  samples  which  are  held  under  tension  by  forcing  and  holding  the 
ends  in  a  channel.  In  addition  Brichsen  cup  tests  are  also  used. 

negative  results  were  obtained  in  the  following  solutions  after 
several  weeks  exposure:  (1)  20$  sodium  chloride  plus  1$  ferric 
chloride  boiling;  (2)  20$  sodium  chloride  plus  1$  cupric  chloride 
boiling;  (3)  20$  sodium  chloride  plus  1$  silver  chloride  boiling; 

(4)  20$  sodium  chloride  plus  1$  nickel  chloride  boiling;  (5)  20$ 
sodium  chloride  plus  1$  mercuric  chloride  boiling;'  (6)  20$  sodium 
chloride  plus  mercurous  chloride,  saturated  boiling;  (7)  20$  sodium 
chloride  plus  1$  zinc  chloride  boiling;  (g)  20$  sodium  chloride  plus 
1$  potassium  permanganate  boiling;  (9)  20$  sodium  chloride  plus  1$ 
sodium  dichromate  boiling;  (10)  Saturated  solution  sodium  chloride 
boiling;  (11)  20$  sodium  chloride  plus  HgSO^pH  0.3)  boiling;  (12)  20$ 
sodium  chloride  plus  HgSOl^pH  1*5)  boiling;  (13)  20$  HaCl  plus 
H2S04(pH3*l)  boiling;  (14)  20$  HaCl  plus  3$  hydrogen  peroxide  room 
temperature;  (15)  20$  ferric  chloride  room  temperature;  (l6)  42$  mag¬ 
nesium  chloride  boiling;  (17)  20$  salt  spray  90-95°J,»  (12)  Sea  water 
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•(  synthetic)  room  temperature:  (19)  65$  nitric  acid  boiling:  (20'1  10$ 
sodium  hydroxide  room  temperature;  (21)  50$  nitric  acid  plus  5$  copper 
sulfate  boiling;  (22)  90$  white  fuming  nitric  acid  room  temperature; 
and  (23)  Aqua  regia  room  temperature. 

The  reagents  used  in  these  tests  are  a  wide  variety  of  corrosive 
medias  including  many  which  are  standard  solutions  used  for  stress 
corrosion  testing  of  other  metals.  The  resistance  of  titanium  to 
cracking  in  these  solutions  provides  a  good  indication  of  its  value  as 
a  material  of  construction.  Its  general  corrosion  resistance  in 
chloride  solutions  is  excellent,  and  its  apparent  resistance  to  stress 
corrosion  provides  an  advantage  over  some  of  the  commonly  used  metals 
which  are  susceptible  to  cracking.  The  behavior  of  titanium  in  the 
20$  ferric  chloride  solution  is  quite  striking,  as  this  reagent  is  a 
vicious  pitting  medium,  often  a  source  of  stress  corrosion  failures. 

Cracking  in  Red  Fuming  Nitric  Acid  -  The  one  solution  found  which 
produced  cracking  in  stressed  samples  is  red  fuming  nitric  acid  at 
room  temperature.  The  test  samples  were'  totally  immersed  and  time  for 
cracking  varied  between  3  and  16  hours.  Cracking  also  occurred  on 
samples  exposed  in  the  vapors  alone  after  several  weeks  exposure.  .The 
red  fming  nitric  acid  was  of  Reagent  Grade,  Sp.  Gr.  1.60,  and  contained 
20$  SOg.  In  addition  to  chese  tests  numerous  cracks  were  also  found 
around  stencil  marks  on  unstressed  samples  after  several  weeks  exposure 
in  the  red  fuming  acid.  While  the  fuming  nitric  acid  tests  indicate 
that  titanium  is  susceptible  to  stress  corrosion  cracking,  it  is  liable 
to  occur  only  in  a  particularly  selective  environment,  and  under  very~ 
high  stress.  However,  one  of  the  advantages  of  titanium  is  that  stress 
relieving  can  be  carried  out  at  a  relatively  low  temperature,  around 
1000°?,  and  such  treatment  avoids  the  possibility  of  stress  corrosion 
cracking. 

It  can  be  seen  from  the  numerous  laboratory  tests  that  titanium 
appears  to  have  a  promising  future  as  a  competitive  corrosion  re¬ 
sisting  material.  It  has  excellent  resistance  to  a  wide  range  of 
chemicals,  and  in  addition  has  ether  attractive  characteristics  which 
will  simplify  the  fabrication  and  maintenance  of  equipment  for  the 
chemical  and  allied  industries.  Of  course,  more  experience  with 
practical  applications  will  be  required  to  confirm  laboratory  findings 
hut  it  i3  believed  that  the  behavior  in  service  will  closely  parallel 
the  various  corrosion  tests 'mentioned  herein. 

The  need  for  special  surface  treatment,  other  than  those  required 
for  appearance  or  decorative  purposes,  has  not  been  definitely  deter¬ 
mined.  Some  work  has  been  done  on  anodizing,  but  the  effect  of  such 
treatments  on  corrosion  resistance  is  inconclusive.  Titanium  in  itself 
has  the  ability  to  form  a  stable  protective  surface  condition.  This 
surface  can  be  made  active  by  immersion  in  hydrochloric  acid  or  by 
abrading  with  emery  paper.  Soiling  in  20$  sodium  carbonate  also  causes 
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an  active  condition,  "but  it  is  of  a  lesser  degree.  She  time  for 
changing  from  activity  to  passivity  is  determined  by  the  activating 
procodure.  Hydrochloric  acid  produces  a  very  low  potential  and  more 
time  is  required  to  reach  a  normal  passive  condition  than  when  the 
material  is  activated  by  the  other  methods.  Tho  maximum  potential 
is  shown  in  relation  to  a  saturated  calomel  cell.  The  potential  in 
relation  to  other  metals  lies  somewhere  on  the  noble  aide  of  copper, 
thu3  it  is  apparent:- that  the  normal  surface  condition  indicates  good 
corrosion  resistance,  and  that  anodising  may  not  be  required  except' 
in  some  isolated  cases. 

No  simple  acid  pickling  solutions  for  removing  scale  caused  by 
welding  or  heat  treatment  has  been  developed.  The  most  successful 
method  known  is  a  two- stage  treatment  involving  a  molten  caustic  bath 
followed  by  an  immersion  in  an  acid  solution.  The  metal  is  first 
immersed  in  a  molten  caustic  bath  (there  are  several  different 
varieties  of  proprietary  baths)  for  5  to  10  minutes  and  then  quenched 
in  running  water.  This  treatment  is  followed  by  a  dip  in  sulfuric 
acid  to  neutralize  the  caustic,  a  water  rinse,  and  then  an  immersion 
in  a  solution  of  nitric  and  hydrofluoric  acids  for  several  minutes. 

The  metal  is  finally  rinsed  in  water  and  scrubbed.  Depending  on  the 
type  of  scale,  immersion  in  a  solution  of  hydrofluoric  acid 

followed  by  a  whitening  dip  in  nitric  acid  can  be  used.  The  removal 
of  scale  is  generally  necessary  when  any  spot  welding  is  involved. 

Methods  and  materials  for  mechanically  polishing  titanium  have 
not  been  definitely  established.  The  more  commonly  used  abrasives  are 
not  completely  satisfactory  because  of  the  tendency  of  the  metal  to 
drag.  This  materially  reduces  the  cutting  efficiency  of  the  abrasive 
belt  or  wheel  and  after  several  passes,  results  in  a  spotted,  smeared 
surface.  Most  satisfactory  results  are  obtained  by  slow  polishing 
speeds  using  oxalic  acid  as  the  lubricant.  There  are  a  number  of 
manufacturers  of  polishing  materials  working  on  this  problem,  and  more 
efficient  methods  will  no  doubt  be  developed. 

The  corrosion  resisting  characteristics  of  titanium  are  suffici¬ 
ently  good  to  warrant  consideration  for  many  applications  where  other 
materials  involve  costly  fabricating  or  frequent  maintenance.  Its 
normal  corrosion  resistance  is  of  a  high  order  of  magnitude  and  may 
make  possible  new  processes  which  are  awaiting  a  material  more  satis¬ 
factory  than  those  presently  available. 


WELLING  OP  TITANIUM 


By:  ALLAN  J.  ROSENBERG,  Welding  Engineer,  General  Electric -.Co. , 

West  Lynn,  Massachusetts 

There  are  two  obvious  but  rather  important  points  which  should 
be  taken  into  consideration  if  a  successful  approach  is  to  be  made  to 


the  practical  veiling  of  titanium.  The  first  is  to  know  the  material 
to  "be  welded,  and  the  second,  to  know  what  can  he  ejected  from  the 
welded  joint.  Knowing  the  material,  knowing  what  to  eapcct  you  are 
neither  amazed  when  a  veld  in  BG-55  "bends  130°,  nor  disappointed  when 
one  in  HC-130-A  bends  only  5°« 

For  purposes  of  discussing  welding  characteristics  of  sheet  metal 
I  should  like  to  group  the  various  titanium  alloys  into  three  convenient 
categories:  considering' first,  the  low  strength,  commercially  pure 
materials,  EC-55  and  Ti-75“^;  then,  the  medium  strength  oxygen-nitrogen- 
carbon  alloys,  SC-70  and  Ti-100-A;  and  finally,  the  high  strength,  high 
alloy  materials,  EC-30- A  and  Ti-125-A.  j 

It  should  be  mentioned  that  the  various  heats  of  materials  which 
fail  within  specification  in  any  one  of  these  three  groups  have  a 
rather  wide  range  of  strengths,  and  it  may  be  considered  a  npropertyu 
of  titanium,  so  far  at  least,  that  the  higher  the  strength  level  the 
lower  the  ductility. 

In  discussing  the  welding  of  these  materials,  I  should  like  to 
make  a  further  separation  —  this  time  by  the  welding  processes  to  be 
used  with  them.  The  first  process  to  be  discussed  is  arc  welding. 

Since  all  the  titanium  alloys  have  a  marked  affinity  for  oxygen, 
hydrogen  and  nitrogen  at  temperatures  above  1000°F,  the  materials  must 
be  protected  from  the  effects  of. air  during  welding.  With  the  current 
status  of  welding  techniques,  this  limits  all  arc  welding  to  that  done 
with  the  inert  gas  shielded  arc.  Even  with  inert  arc  welding,  extreme 
care  must  be  exercised  to  insure  adequate  gas  coverage  and  protection 
of  the  weld  surface  and  the  weld  underside.  Contamination  by  oxygen  and 
nitrogen  is  detrimental  in  that  a  hard,  brittle  surface  layer  results 
with  a  subsequent  loss  in  ductility.  As  far  as  the  underside  is  con-  ( 
cerned,  tight  metal  backing  is  satisfactory,  but  inert  ga3  backing  is 
much  preferred.  A  feature  of  titanium  which  it,  extremely  hexpful  is  • 
the  bright,  mirror-like  surface  indicative  of  proper  shielding,  and  the 
yellow  to  blue  to  grey  color  of  the  oxide  when  coverage  is  slightly 
inadequate. 

Improvements  in  gas  coverage  which  are  helpful  in  insuring  opti¬ 
mum  welds  can  be  achieved  by  modifying  the  electrode  nozzle  so  that  an 
extension  is  used  to  trap  and  hold  the  inert  gas  over  the  joint 
already  welded.  Welds  made  with  argon,  helium  or  mixtures  of  the  two 
gases  showed  no  apparent  differences  in  joint  properties,  so  that 
either  gas  (or  both)  may  be  used  successfully.  •; 

i 

A  standard  tensile  test  is  not  sufficient  alone  to  give  a  true 
picture  of  joint  properties.  In  a  material  in  vrhich  the  v;eld  area  is 
low  in  ductility  but  high  in  strength,  failure  often  takes  place  out¬ 
side  of  the  weld  zone.  The  tensile  elongation  as  measured  in  a  two 
inch  gauge  length  is  reduced  by  only  a  few  percent  from  that  of  an 
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unwelded  piece,  although  the  weld  itself  may  have  almost  no  ductility. 
In  order  to  overcome  this  definite  drawback  as  much  as  possible, 
standard  bend  tests  were  used  in  conjunction  with  tensile  results  to 
fully  evaluate  welded  joints. 

For  both  of  the  commercially  pure  grades  of  materials*  EC-55  aad 
2i-75-"A  tensile  properties  and  bend  properties  of  the  welded  joints 
were  completely  satisfactory  and  comparable  to  the  parent  materials. 

In  the  case  of  the  oxygen-nitrogen-carbon  alloys,  EX-70  and 
Ti-100-A,  however,  there  is  a  drop  in  bend  ductility.  While  tensile 
properties  of  the  welded  joints  are  comparable  to  the  parent  material, 
the  bend  angle  suffered  an  almost  50$  reduction  after  \*elding.  How¬ 
ever,  if  the  lower  bend  angle  and  its  significance  in  terms  of  lower 
ductility  are  recognized,  the  materials  can  and,  for  that  matter,  are 
being  used  with  success.  A  point  worthy  of  mention  for  oxygen- 
nitrogen-carbon  alloys  is  that  ductility  is  drastically  lost  at 
carbon  contents  greater  than  .25$  -  possibly  because  of  the  prccipita^ 
tion  of  continuous  networks  of  carbides  in  the  weld.  Keither  of  these 
alloys,  however,  has  that  high  a  carbon  content. 

With  the  high  alloy  materials  \*el&  bead  appearance  is  again  ex¬ 
cellent,  but  the  welds  themselves  are  exceedingly  brittle  and  several 
samples  of  butt  welded  HC-130-A  cracked  transversely  across  the  v/eld 
upon  cooling  to  room  temperature.  Because  of  the  extreme  loss  in 
ductility  in  these  high  alloy  materials  they  cannot,  at  this  time,  be 
recommended  for  practical  arc  welded  fabrications  —  although  improve¬ 
ments  through  heat  treatments  or  grain  refinements  may  be  possible  in 
the  future. 

Ehere  is  some  evidence  that  heating  alone  of  the  parent  material 
even  in  a  vacuum  without  welding  will  result  in  drastic  losses  in 
ductility.  Several  samples,  of  high  alloy  titanium  were  subjected  to 
heating  and  cooling  cycles  at  1S00°F  under  vacuum  conditions  and  the 
bend  angle  was  reduced  from  ISO®  to  approximately  50°» 

If  cooling  was  done  in  air,  rather  than  in  vacuum,  the  bend 
angle  was  further  reduced.  lime  at  temperature  was  also  a  factor  so 
that  it  seems  apparent  that  recrystallization,  grain  growth,  contami¬ 
nation  and  grain  orientation  all  contribute  to.  lowering  ductility  in 
welds. 

All  of  these  materials  can  be  spot  welded  at  a  wide  variety  of 
machine  settings  end  tensile  shear  strengths  are  all  comparable  to 
spot  welded  joints  in  other  materials  of  comparable  strengths,  but 
the  ductility  is  lower,  especially  with  the  high  alloy  grades. 

Spot  welding  tests  conducted  on  RC-55  and  21-75-A  indicated  that, 
within  limits,  machine  variables  had  little  effect  on  weld  properties* 


Cross-sections  were  sound  and  tensile  shear  results  were  excellent  at 
several  different  machine  settings.  Failure  was  generally  of  the 
button  type.  This  type  is  one  in  which  the  parent  metal  tears  away 
from  the  weld  and  is  naturally  more  desirable  than  a  straight  shear 
failure i  where  the  break  occurs  through  the  weld  along  the  faying 
surface. 

The  question  of  joining  titanium  to  other  materials  always  come3 
up.  An  attempt  to  join  BC-55  to  an  austenitic  stainless  steel  was 
unsuccessful.  The  combination  broke  apart  with  very  little  applied 
load,  and  the  grain  structure  was  extremely  coarse  and  brittle. 

Since  higher  strength  materials  are  more  desirable  for  production 
parts,  more  extensive  tests  were  conducted  with  the  medium  strength 
materials  BC-70  and  Ti-100^A.  Both  were  spot  welded  just  as  readily 
as  the  commercially  pure  grades  with  average  tensile  shear  strengths 
naturally  somewhat  higher.  Welds  were  made  and  tested  at  three 
different  weld  times!  3*  2  and  12  cycles,  respectively,  but  no 
differences  were  observed  in  either  weld  strength  or  type  of  failure, 
when  current  was  adjusted  to  maintain  weld  size. 

Etching  techniques  are  very  important  to  obtain  a  time  picture 
of  weld  size.  There  are  three  distinct  zones  in  a  spot  weld.  The 
weld  itself,  the  immediate  heat  affected  area  and  a  secondary  heated 
zone.  Unless  proper  etching  and  lighting  techniques  are  utilized, 
it  is  difficult  to  distinguish  between  the  immediate  heat  affected 
zone  and  the  weld  itself.  This  immediate  heat  affected  zone  is  one 
in  which  recrystaliizatioh  and  grain  growth  has  taken  place,  while  the 
secondary  zone  is  one  in  which  recrystallization  without  significant 
growth  has  occurred. 

While  the  welds  made  at  the  three  time  cycles  tested  showed  little 
difference  in  size,  there  was  a  difference  in  the  heat  affected  area. 
For  the  veld  made  at  12  cycles,  the  appearance  is  a  normal  elliptical 
pattern.  The  8  cycle  weld  indicates  the  effect  of  cooling  and  is  more 
rectangular  in  shape.  The  3  cycle  weld  has  an  even  greater  indentation. 
Since  failures  occur  around  the  edge  of  the  weld,  it  is  my  opinion  that 
the  smaller  the  heat  affected  zone  the  less  the  area  of  lowered 
ductility,  the  better  the  welded  joint.  I  would,  therefore,  suggest 
short  weld,  times,  and  while  3  cycles  may  be  too  short  for  consistent 
production  work,  8  cycles  is  practical. 

Only  limited  spot  welding  tests  were  conducted  on  the  high 
strength  material  EC-130-A.  While  the  welds  were  sound,  the  ductility 
was  markedly  reduced.  Tensile  shear  failures  were  of  an  extremely 
brittle  nature  and  samples  failed  abruptly  in  test  in  contrast  to  the 
more  gradual  tearing  with  the  lover  strength  materials.  With  the 
exception  of  these  higher  strength  materials  all  of  the  alloys  dis¬ 
cussed  have  been  satisfactorily  resistance  seam  welded.  Welds  were 
sound  and  free  from  cracks  or  defects  of  any  kind. 
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▲  general  observation  about  resistance  spot  or  seam  welding  for 
production  may  be  useful*  This  is  the  need  for  uniformly  clean  sur¬ 
faces.  We  have  had  good  luck  with  removing  light  scale  (?00°F)  but 
annealing  at  1100-1300°?  results  in  a  scale  which  has  had  to  be  removed 
mechanically.  There  is  tremendous  need  for  shop  cleaning  methods  to 
produce  the  finishes  required  and  that  is  one  of  the  jobs  our  chemical 
people  are  working  on  now. 

Flash  welding  shows  the  most  promise  for  joining  these  materials 
to  date.  Another  manufacturer  has  even  successfully  flash  welded 
titanium  to  other  materials.  Flash  welding  is  best  accomplished  by 
machines  Which  facilitate  rapid  pickup  and  burn-off  to  prevent  excessive 
oxidation.  Because  of  the  tendency  of  molten  titanium  to  absorb 
oxygen  and  nitrogen,  protection  against  such  absorption  by  inert  gas 
coverage  should  also  improve  flash  weld  ductility.  In  general  flash 
welding  results  in  a  more  ductile  structure  than  inert  arc  welding  be¬ 
cause  of  forging  action  and  inherent  grain  refinement  of  the  process. 

In  the  case  of  the  high  strength  materials,  flash  welding  may  be  the 
only  feasible  way  of  joining. 

Just  a  few  words  about  gas  cutting.  Gas  cutting  of  titanium  or 
titanium  alloys  With  conventional  gases  and  torches  is  an  exceptionally 
fast  operation.  In  fact,  cutting  speeds  may  be  as  much  as  ten  times 
that  normally  used  for  the  equivalent  thicknesses  of  steel  with  excellent 
appearance. 

; 

In  conclusion,  you  can  see  that  titanium  is  a  good  material.  Some¬ 
what  less  ductile  than  stainless  steel,  somewhat  lower  in  fatigue 
levels,  but  readily  Welded  in  the  low  and  medium  strength  alloys,  and 
certainly  usable. 


GBIKPIHG  OF  TITANIUM 

By:  GOEDON  T.  BIBEOUT,  Chief  Field  Test  Engineer  of  the  Horton 

Company,  Worcester,  Massachusetts 

It  was  not  until  1930  that  the  Wyman-Gordon  Company  began  to  forge 
wheels  from  titanium  ingots  which  weighed  around  350  pounds.  They  were 
turning  the  skin  from-  this  ingot  and  it  required  several  hours  time. 

We  were  requested  to  see  if  grinding  would  remove  it  quicker.  We  found 
that  what  required  a  number  of  hours  to  turn  could  be  ground  away  in  about 
20  minutes.  We  also  observed  that  snagging  with  a  swing  frame  grinder 
was  accompanied  by  an  unusually  high  rate  of  wheel  wear. 

We  set  up  what  we  called  the  grinding  ratio  value,  known  as  *G.* 

"G*  is  the  ratio  of  metal  removal  in  cubic  inches  per  inch  of  wheel  wear. 
When  we  first  ran  samples  We  did  not  obtain  a  very 'high  rate  of  effec¬ 
tiveness  with  the  wheel;  the  metal  removal  was  low;  wheel  wear  was  high, 
and  we  got  what  we  called  a  grinding  ratio  of  ,J, 


V»'e  decided  that  the  thing  to  do  was  raise  that  grinding  ratio 
value,  if  we  wore  to  do  anything  at  all  commercially  with  titanium  as 
a  material.  (The  first  test  showed  that  we  could  raise  the  value  from 
•7  to  2.5  by  reducing  the  wheel  speed.  That  was  the  first  secret  we 
came  out  with;  that  was  a  threefold  increase  in  the  effectiveness  of 
the  grinding  wheel.  Finally,  the  large,  improvement  came  when  we  dis¬ 
covered  that  the  chemistry  of  the  fluid  at  a  particular  grinding  speed  ' 
was  the  most  effective  instrument.  Therefore  by  finding  the  best 
combination: ‘of  wheel ,  speed  methods  and  chemical  fluid,  we  have  been 
able  to  raise  the  WG‘!  value,  wie  grinding  ratio,  from  to  about  15 
or  20  times  better. than  v/e  had  two  years  ago. 

To  compare  titanivm  with  tool  steel,  with  whicn  you  are  familiar,"" 
let  me  s ay  that  the  " G"  value  for  a  high  vanadium,  high  speed  3tcel  is 
from  ,4  to  1.0.  That  would  be  Vasco  Supreme,  BR4,  Vitro  steel' or  the 
like.  On  high  carbon,  high  chromium  steel,  the  nGM  value  is  3  00  4; 
the  regular  1&-4-1  high  speed  steels  will  be  in  the  neighborhood  of  4 
to  12,  and  the  common  carbon  steels  and  low  alloy  steels  will  bo  from 
40  to  SO.  The  value  at  which  we  have  arrived  for  titanium  is  now 
around  15.  That  shows  we  can  do  a  little  better  grinding  job  on 
titanium  than  vie  can  on  some  of  the  ordinary  high  speed  s seels  but 
cannot  duplicate  the  ease  with  which  vie  can  grind  the  carbon  steels. 

In  an  ordinary  grinding  operation  on  steel,  the  wear  by  attrition 
is  very  low,  and  the  wear  by  breaking  down  of  the  abrasive  bond  is 
usually  high,  therefore,  vie  have  found  that  grinding  titanium  is  quite 
different  from  grinding  steel;.,  the  attritions  wear  is  exceedingly  high, 
and  the  wear  of  the  wheel  by  ordinary  means  of  fracture  is  negligible* 

As  we  discovered  by  reducing  the  wheel’s  speed,  the  temperature  of  ■ 
the  point  of  contact  was  lowered  cud  as  this  temperature  is  reduced  a 
decrease  occurs  in  the  attritions  wear. 

The  chemical  factors  are  more  important  than  the  mechanical  factors 
in  the  operation  of  grinding.  We  have  done  most  of  our  experimental  and 
field  test  work  in  the  surface  grinding  category,  however,  there  are 
other  grinding  operations  which  can  be  studied  but  we  chose  this  surface 
grinding  category  to  get  our  basic  information  which  we  pass  along  to 
you  today.  This  is  the  first  time  that,  we  have  made  a  xirogress  report 
on  the  chemistry  of  grinding  titanium.  These  other  grinding  operations 
which  are  currently  running  in  the  field  tire  cylindrical,  centerless 
and  internal.  There  arc  'ndications  that  low  wheel  speeds  arc  needed 
and  a  benefit  in  those  particular  cases,  however,  not  enough  field 
testing  has  occurred  to  give  a  definite  recommendation  on  those  particu¬ 
lar  operations.  We  have  done  most  of  our  work  with  vitrified  wheels, 
we  know  the  results,  but  with  organic  wheels  such  as  resinoid  bonded 
products,  we  have  no  results  to  dote.  It  is  presumed  that  they  may 
coincide,.,  however,  in  the  snagging  operations  waich  we  have  done,  organic 
bonded  wheels  are  used,  and  while  the  wheel  wear  was  extremely  rapid,  the 
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dimensional  tolerance  necessary  was  not  affected  by  the  wheel  wear 
and,  therefore,  was  not  a  significant  problem.  The  problem  in  that 
case  was  -  "Can  you  grind  the  material;  can  you  do  it  without  losing 
the  entire  wheel  plate?"  We  could,  but  even  so  the  wheel  wear  was 
very  fast. 

How  just  to  talk  about  the  grinding  fluids  for  a  few  minutes. 

This  work  was  done  on  titar.iua  Ti-150^A,  (fiockwell  C  38).  We  used  69 
brands  made  by  l6  manufacturers,  plus  22  experimental  fluids.  They 
included  water  solubles,  synthetics  or  honpetroleum  compounds  and  rust 
inhibitors,  grinding  oils,  water,  air  and  carbon  dioxide.  We  found 
this  —  that  the  effect  of  the  concentration  of  the  water  solubles  was 
very  important.  As  you  increased  the  concentration  going  from  zero 
(plain  water)  to  100  pounds,  the  grinding  ratio  "G*  increased.  In  other 
words,  for  plain  water,  we  got  a  1.4  ratio  and  for  100  pounds  it  was 
4.0;  however,  the  100  pounds  ratio  is  likely  to  invert  and  to  be  un¬ 
stable  so  for  the  basic  study  we  used  10$,  that  is  by  volume.  10$  gave 
a  value  of  2.4.  Therefore,  the  results  were  all  on  this  particular 
basis  of  10$  by  volume. 

Our  preliminary  study  was  done  at  2500  surface  feet  per  minute  in 
surface  grinding.  We  found  that  the  best  of  these  fluids  were  as 
follows: 

The  rust  inhibitors  ran  from  5?0  to  5*6;  best  water  solubles  ran 
from  3*2  to  4.0;  the  best  grinding  oil  ran  from  6.3  to  6.9;  water  was 
1.4;  air,  2.0  -  that  is,  just  grinding  Without  any  fluid  -  and  CO2 
was  1.9*  In  all  cases,  except  the  CO2,  the  work  was  flooded.  In  the 
case  of  CO2,  we  used  nozzles  with  about  .010*  orifice.  CO2  was  of  no 
value  in  the  grinding  operation;  you  may  find  it  different  in  the  case 
of  machinings* 

The  most  suitable  brands  we  can  mention  at  this  time  are  as  follows,  ; 
in  alphabetical  order  and  by  the  manufacturers'  names.  This  list  Bhould  1 
help  to  reduce  your  research  work. 

if 

OILS;  Cut-max  206  Sssolene  S320 

Vantrol  53 63 A  Economy  21 48  * 

HOST  IHHIBITOSS; 

Economy  #1500 
International  47  LS 
Socony- Vacuum  Inhibitor  A 

SOLUBLE  OILS  AHD  SYNTHETIC  COMPOUNDS: 

Koka 

International  ■  152S  /  58 
Hustlick  L825 
Vantrol  630 

Sunoco  Emulsifying  Oil  B 


Ve  are  not  sure  what  factors  of  the  chemical  make-up  of  these 
fluids  affect  the  grinding  ratio;  we  do  not  know  enough  about  the 
chemistry  of  these  fluids.  When  sulphur  in  the  oil  was  present,  it 
may  or  may  not  have  an  effect.  It  did  not  seem  that  way  to  us.  Plain 
mineral  oils  were  of  no  value.  As  the  viscosity  of  the  oil  was  in¬ 
creased  that  is  to  heavy  oil  the  nG*  value  increased,  but  we  did  pre¬ 
fer  to  r.se  the  light  oils  because  of  chip  settling.  The  highest  values 
of "G»  were  obtained  with  oils  having  a  viscosity  of  between  50  and 
150  seconds. 

Of  the  rust  inhibitors  the  nitrite  amino  type  were  effective.  Wo 
do  not  understand  just  what  happens,  but  we  did  find  that  the  plain 
sodium  nitrite  in  water  was  just  as  effective;  however,  a  plain  amino 
added  to  water  was  no  good.  The  amino  may  have  some  buffering  action 
to  keep  the  alkalinity  stable. 

In  the  case  of  the  water  base  compounds,  so  little  is  known  about 
them  thav  it  is  very  difficult  for  us  to  come  to  any  conclusion  as  to 
the  chemistry.  A  certain  few  were  superior  because  they  were  chemically 
active.  It  is  our  theory  that  the  chemistry  of  the  fluids  is  one  to 
contaminate  the  surface  of  the  freshly  ground  titanium.  Hitherto  we 
had  been  interested  in  lubrication  or  cooling.  We  now  have  on  idea  that 
is  quite  the  reverse.  Therefore,  we  say  that  titanium  grinds  unliko 
steel.  Anything  that  you  have  learned  concerning  the  effective  grinding 
of  steel  does  hot  apply  in  the  case  of  titanium* 

There  are  some  shortcomings  with  some  of  these  fluids.  The  straight 
grinding  oils  provide  a  fire  hazard  if  they  are  used  at  conventional 
wheel  speeds;  i.e.,  in  the  neighborhood  of  6000  surface  feet;  howevor, 
if  you  redude  the  wheel  speed,  you  also  reduce  the  spark  stream,  and 
the  grinding  fluids  are  effective  even  if  you  go  down  to  2500  or  as  low 
as  1800  which  was  found  to  be  optimum  condition  for  some  of  the  grinding 
oils.  The  water  base  compounds,  of  course,  were  no  fire  hazard.  The-’-e 
we  used  the  10$  solution  and  in  that  case,  there  i3  no  particular  fire 
hazarjl.  Sen  percent  solution  of  these  rust  inhibitors  probably  would  do  n< 
more  harm  than  to  dry  the  skin.  We  have  been  using  them  for  several 
months  as  have  also  some  of  the  large  manufacturers  making  parts,  and  they 
have  had  no  undue  experiences. 

What 5  s  the  effect  of  the  wheel  speed  on  the  grinding  solution?  So 
far  the  results  discussed  have  been  at  about  2500  wheel  speed,  but  this 
is  what  happens  when  we  change  the  wheel  speed  to  find  out  the  optimum 
speed.  With  the  grinding  oil  we  found  that  the  optimum  speed  was  1800 
and  the  "G*  value  increased  from  the  previous  value  of  6.7  to  15.  In 
the  case  of  the  rust  inhibitors,  it  was  increased  from  5.6  to  13,  when 
we  dropped  the  speed  from  1300.  In  the  case  of  the  best  soluble  oils 
there  was  not  very  much  of  a  change.  The  best  recommendation  is  that  I 
you  use  either  the  rust  inhibitors  or  the  grinding  oil.  ; 

.  i 
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What  happens  to  the  wheel  specifications  in  this  particular  proce¬ 
dure?  We  found  the  highest  grinding  ratio  was  obtained  with  J>2.  alundum, 
a  very  pure  kind  of  aluminum  oxide.  Silicon  carbide  previously  had 
shown  some  preference  in  certain  operations.  We  found  in  all  cases  that 
comparison  of  32  alundum  with  silicon  carbide  showed  the  former  to  be 
a  better  material  which  gave  a  higher  grinding  ratio.  There  was  one 
exception  and  that  was  with  silicon  carbide  and  straight  oil  at  con¬ 
ventional  speeds;  however,  at  conventional  speeds  there  is  quite  a 
fire  hazard  when  grinding  titanium  .  It  is  very  pyrophoric.  It  is 
quite  likely  to  cause  a  fire,  as  has  been  the  experience  of  a  few 
manufacturers.  Therefore,  when  you  reduce  the  speed,  the  straight 
grinding  oil  and  the  silicon  carbide  are  no  longer  satisfactory.  The 
aluminum  oxide  wheel  stands  on  top. 

We  found  that  there  was  an  optimum  grit  size.  It  increased  as  we 
got  toward  60  and  80  and  began  to  decrease  at  100.  So  U3e  60  or  80 
grit.  As  the  hardness  in  the  grade  of  wheel  used  was  increased,  the 
grinding  ratio  increased.  In  other  words,  use  as  hard  a  grade  as  you 
can  without  burning  or  smearing  the  material.  Where  you  might  be 
accustomed  to  using  H  and  I  grade  of  wheel,  J  and  M  grade  of  wheel 
can  be  used  with  the  lover  wheel  speed.  That  is,  the  grade  M  wheel  can 
be  used  when  the  rust  inhibitor  is  10#  and  the  wheel  speed  low.  Con¬ 
cerning  the  structure  of  the  grinding  wheel,  Ho.  8  proved  to  be  better 
than  any  of  the  others,  such  as  3  or  the  porous  type  wheels. 

We  were  using  wheels  at  1600  surface  feet  per  minute  and  the  10$ 
solution  of  rust  inhibitor;  "G*  value  increased  as  the  table  speed  in¬ 
creased,  and  then  dropped  off.  The  optimum  was  at  200  inches  per 
minute. 

The  downfeed  to  crossfeed  relationship  is  important  for  rate  of 
production,  as  the  volumetric  removal  is  important.  Por  a  given 
volumetric  rate  of  removal,  use  heavy  crossfoeds.  Por  high  production 
rates,  perhaps  you  may  have  a  condition  which  gives  you  a  very  high 
grinding  ratio,  but  it  may  be  too  slow  for  the  production  rate  you 
have  set  up.  You  can  reduce  the  grinding  ratio  somewhat  by  increasing 
your  rate  of  speed,  and  suffering  a  little  bit  on  the  tolerance,  how¬ 
ever,  as  you  approach  size,  you  can  begin  to  reduce  the  downfeed  and 
clear  up  with  very  little  downfeed* 

This  might  indicate  that  it  would  be  a  desirable  thing  to  put  an 
upper  limit  on  the  hardness  of  the  material,  otherwise,  you  will  get 
into  grinding  and  cost  difficulties. 

We  found  that  fiC-130-B  and  Ti-150-A  ground  alike  although  their 
alloying  elements  were  different.  Whether  rolled,  perpendicular  or 
crosswise,  the  grinding  properties  did  not  change,  the  characteristics 
were  the  same. 

4. 


Because  of  the  fact  that  titanium  is  nonmagnetic  you  cannot  use 
your  magnetic  chucks,  therefore,  one  should  find  better  ways  of 
fixturing,  of  holding  the  equipment  on  the  surface  grinding  or 
grinding  machines.  In  the  case  of  thin,  small  articles  perhaps  you 
can  use  pressure  sensitive  tape  and  because  it  is  difficult  to  grind, 
you  would  expect  to  get  a  rougher  finish.  Tor  stock  removal,  the 
smoothest  finish  was  generally  accomplished  when  you  obtained  the 
best  grinding  conditions,  i.e.,  when  you  got  the  highest  grinding 
ratio,  you  also  accompanied  that  operation  by  the  best  and  smoothest 
finish,  normally,  under  conditions  previously  described,  the  finish 
would  be  in  the  neighborhood  of  35  ^5  micro-inches,  using  a  rust 

inhibitor  with  10$  solution,  1600  surface  feet,  v50fl  per  minute  in  a 
.050"  crossfeed,  and  .001*  dovmfeed  with  a  32  A^O  Y8  VDE  wheel.  You 
can  also  get  the  same  results  using  oil.  You  c*.  obtain  25  micro¬ 
inches  in  yOur  reading  on  the  profilometer  by  recuscing  the  crossfeed 
and  nothing  else  to  .025rt. 

Then  when  you  come  to  finish  grinding,  if  it  is  necessary  to  have 
a  finer  finish,  dress  the  v/heel  finely,  and  you  can  get  15  micro-inches 
finish;  however,  we  have  found  that  fishtails,  will  occur  when  you  are 
attempting  to  obtain  good  finishes.  In  making  some  samples  for  the 
coming  metal  show,  we  found  this  to  be  quite  true.  The  elimination  of 
fishtails  is  difficult,  perhaps  it  can  be  done  by  raising  the  wheel 
speed  slightly  -  in  some  cases  from  1600  to  2000  -  that  was  all  that 
was  necessary;  filtering  the  fluid  had  not  much  to  do  with  it.  It 
seems  to  be  caused  by  a  particle  of  the  wheel  breaking  away  at  the 
time  of  grinding,  and  not  a  particle  that  is  being  recirculated,  as  is 
commonly  the  experience  in  the  grinding  of  steel.  Another  thing  was  to 
reduce  the  downfeed  to  l/lO  of  a  thousand;  that  helped  to  obtain 
15  micro-inches  finish. 

The  point  is  this,  there  are  many  pieces  of  equipment  in  use  which 
have  conventional  speeds  and  which  it  is  going  to  be  difficult  to  change 
to  the  lower  speeds.  We  have  prepared  specifications  which  are 
currently  being  used  on  conventional  equipment,  that  has  been  published  I 
previously.  The  few  editions  which  we  have  will  come  out  in  the  paper, 
which  is  due  in  another  two  weeks.  Those  I  won't  repeat  here,  but  they 
will  cover  cylindrical,  centerless,  internal,  cutoff,  snagging,  barrel¬ 
finishing  (that  is,  tumbling),  polishing  and  buffing.  You  can  accomplish 
with  conventional  speeds  a  fairly  satisfactory  result,  but  it  may  be  more 
costly  and  ineffectual. 

Finally,  we  believe  there  has  been  considerable  progress  made  in  | 
raising  the  grinding  ratio  20  times  in  the  last  1  1/2  to  2  years.  Use 
low  wheel  speeds,  study  the  chemistry  involved,  use  the  proper  methods 
to  get  your  optimum  conditions,  and  you  can  do  a  satisfactory  grinding 
operation  on  titanium. 
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TAPPING  OF  TITANIUM 

Byi  V.  JAMILKOWSKI,  Tool  Engineer,  Eanson-tfhitney  Company, 

Hartford,  Connecticut 

Tapping  of  titanium,  as  in  other  high  temperature  jet  engine 
alloys,  presents  problems  in  machining  Which  are  natural  to  this 
function.  Most  users  of  tools  are  familiar  with  these.  They  are 
the  type  which  may  be  observed  when  a  tool  is  working  in  a  confined 
space.  The  difficulty  usually  is  in  cooling  and  lubricating  the 
cutting  teeth,  and  in  disposing  of  the  chips  which  clog  the  flutes. 

In  addition  to  the  natural  problems  Incurred  when  threading  a 
hole,  titanium  presents  several  characteristics  and  properties  of  its 
own  which  make  it  difficult  to  tap,  namely,  its  ability  to  work  harden; 
its  tendency  to  adhere  to  another  surface  when  rubbed  against  it  -  which 
we  call  galling,  loading  or  welding;  its  high  tensr.le  strength,  and 
its  thermal  qualities,  such  as  its  low  coefficient  for  expansion  and 
its  poor  heat  conduction.  Por  successful  tapping  in  titanium,  it. 
therefore,  becomes  necessary  to  compensate  for  these  characteristics 
and  properties, 

Work  hardening  is  caused  by  pressure  developing  between  the  tool 
and  the  work  when  removing  the  chip.  To  help  reduce  this,  tools  must 
be  kept  sharp,  clearance  and  rake  angles  must  be  maintained  and  an  oil 
is  necessary  to  provide  a  lubricating  film  between  the  chip  and  the 
tool,  a3  well  as  between  the  tool  and  work.  This  oil  also  must  act  as 
a  cooler. 

Galling,  loading  or  welding  is  caused  by  metal-to-metal  contact. 

For  this  condition,  the  same  solution  will  apply  as  for  work  hardening. 
AI30,  it  is  usually  a  good  idea  to  check  for  the  hardness  of  the  tap. 

High  tensile  strength  is  a  property  of  the  metal  which  makes  it 
difficult  to  separate  the  chip  from  the  material.  Because  of  its  high 
tensile  strength*  greater  pressures  than  ordinarily  are  developed  as 
the  tool  presses  into  the  work,  and  removes  metal  as  a  chip.  Also, 
since  the  chip  is  deformed  when  it  separates  from  the  parent  metal  and 
slides  across  the  base  of  the  tool,  it  creates  heat.  The  correction 
here  is  obvious,  that  oil  is  necessary  to  reduce  friction  between  chip 
and  tool,  thereby  reducing  heat,  also,  to  act  as  a 'cooler  for  heat  which 
is  generated. 

In  thermal  qualities  we  must  contend  with  the  low  coefficient  of 
expansion  and  poor  heat  production.  If  heat  is  allowed  to  be  generated 
during  cutting  action,'  and  is  not  carried  away  by  a  coolant,  it  will  be 
absorbed  by  the  tool.  As  the  tool  heats  up,  it  will  expand.  Since  the 
titanium  does  not  heat  up  as  much  and  does  not  expand  as  rapidly,  it 
will  be  allowing  a  condition  to  develop  where  the  tool  becomes  larger 
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than  the  hole  it  has  cut.  The-  solution  here,  again,  is  to  keep  the 
cutting  temperatures  down  by  having  sharp  tools  and  correct  lubricant. 
Additional  requirements  are:  (1)  proper  machine  tools,  (2)  pretapping 
machining,  (3)  correct  tap  design  and  manufacture,  and  (4)  suitable 
lubrication. 

(1)  Proper  Machine  Tools  and  Equipment  -  It  is  very  important  to 
have  rigid  equipment  —  that  is,  equipment  in  good  condition,  fixtures 
must  be  provided  to  hold  the  work  securely.  The  tools  must  be  posi¬ 
tively  driven  and  under  no  condition,  should  the  drilling  or  tapping 
stop  or  hesitate  once  it  has  started.  Because  a  positive  drive  is 
necessary,  friction  tapping  heads  that  permit  slippage  are  not  suitable. 

(2)  Pretapping  Machining  -  An  important  step  in  the  tapping  of 
titanium  is  in  the  machining  of  this  material  before  any  threading  is 
done.  The  surface  in  the  hole  and  around  the  edge  must  be  kept  as  free 
from  work  hardening  as  possible.  In  tests  conducted  in  our  plant  we 
used  standard  high  speed  steel  drills.  These  were  resharpened  and 
surface  heat  treated  to  obtain  extra  skin  hardness.  The  included  point 
angle  was  between  130  and  137°*  The  lip  clearance  or  backing  off  of 
the  cutting  edges  was  10  to  12®.  These  drills  were  size  Q,,  which  is 
•3320"  in  diameter.  They  were  operated  at  a  spindle  speed  of  225  2EM, 
which  is  approximately  20  surface  feet  a  minute,  and  at  a  speed  of 
.006"  per  revolution.  The  lubricant  used  was  sulphur  concentrate 
which  is  a  sulphurized  lanolin  in  paste  form.  It  was  observed  that 
these  drills  performed  satisfactorily.  Subsequently,  we  used  high 
cobalt,  high  speed  steel  drills  sharpened  in  the  same  manner.  These 
drills  were  operated  at  spindle  speeds  of  675  EH4  which  is  approximately 
60  surface  feet  per  minute.  The  feed  was  varied  between  .006"  and 
.012"  per  revolution.  At  this  time,  we  were  using  a  sulphurized 
petroleum  and  fat  oil  with  chlorine  added;  this  combination  gave 
excellent  results.  The  oil  pressure  on  the  drill  was  approximately 

280  in.  pounds  and  there  was  very  little  heat  generated. 

(3)  Correct  Tap  Design  and  Manufacture  -  Taps  were  designed  and 
made  in  such  a  manner  as  to  compensate  as  much  as  possible  for  the 
characteristics  and  properties  of  titanium.  The  steel  selected  for 
the  taps,  which  we  used  in  torque  and  endurance  tests  was  18-4-1  high 
speed  steel  partly  because  we  would  prefer  to  use  this  as  a  general 
purpose  steel.  The  blanks  v-rre  fluted,  using  a  modified  round  flute 
fora  which  produced  a  hook  angle  of  6  to  8°  and  a  cutting  angle  of 
approximately  11  to  12®.  These  were  highly  polished;  the  thread  was 
ground  in  a  conventional  manner.  It  produced  a  tap  which  had  a  full 
eccentric  relief  and  a  back  taper  of  .001"  per  inch  in  length.  A 
chamfer  of  }  to  3  l/2  threads  was  used,  and  the  point  diameter  equiva¬ 
lent  to  a  minor  diameter  of  83  1/3$  of  thread.  These  taps  were 
finally  surface  heat  treated  to  impart  extra  skin  hardness. 
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(4)  Suitable  lubricant  -  la  our  search  for  a  lubricant  we  enlisted 
the  aid  of  an  oil  specialty  house.  With  their  help  we  went  through  a 
.series  of  oils,  from  sulphurized  petroleum  oils  to  olphurized  petroleum 
and  fat  oils  with  chlorine  added.  This  latter  combination  proved  very 
effective  as  indicated  in  the  torque  test  report.  To  give  you  a  few 
facts  from  the  torque  test  data  sneet  -  the- material  was  titanium  base 
alloy  Ti-150-A,  i^  the  annealed  state.  Its  physical  dimensions  were 
6“  x  6"  x  3/4*.  As  annealed,  it  showed  a  tensile  strength  of  150,000 
pounds  per  square  inch.  Drills  were  used  which  would  produce  65$ 
thread  in  the  hole  when  tapped.  These  were  high  cobalt,  high  speed 
steel,  and  sharpened  as  previously  described.  The  taps  used  were  3/8 
24  National  Pine,  Commercial  Ground.  They  had  a  point  diameter  of 
.328“;  in  all  other  respects,  they  were  as  previously  described. 
Additional  equipment  included  a  strain  gauge  dynamometer,  a  Brush 
Universal  Analyzer,  a  direct  inking  oscillograph  and  a  radio  drill 
press. 


The  following  is  a  series  of  preliminary  torque  tests  which  were 
run  using  one  lot  of  taps  and  varying  the  lubricant.  The  results  ob¬ 
tained  can  be  shown  in  a  table  arranged  in  the  order  of  decrease  and 
torque.  The  test  is  run  with  the  taps  working  at  approximately  20  sur¬ 
face  feet  per  minute. 

The  first  test  was  run  without  any  lubrication.  The  average  torque 
was  210  in.  pounds.  In  the  second  test,  a  sulphurized  petroleum  and 
fat  oil,  cut  with  kerosene  1-1,  with  a  sulphur  content  of  1  l/2$  was 
used.  The  average  torque  was  l4o  in.  pounds.  In  test  3,  the  lubricant 
wa3  3  l/2/o  sulphurized  petroleum  and  fat  oil;  the  average  torque  was 
121  in.  pounds.  The  next  test,  using  sulphurized  petroleum  and  fat 
oil  with  a  10$  chlorine  additive,  produced  an  average  torque  of 
107  in.  pounds.  In  the  following  tests,  a  sulphurised  petroleum  and  fat 
oil  also  produced  an  average  torque  of  107  in.  pounds.  Por  test  6, 
we  again  used  the  sulphurized  petroleum  and  fat  oil  with  molybdenum 
sulfide  added;  the  average  torque  was  98  in.  pounds.  Tor  test  7,  a 
3  1/2$  sulphurized  petroleum  end  fat  oil  with  a  trace  of  chlorine  was 
used;  the  average  torque  was  97  in.  pounds.  Por  test  8,  we  increased 
the  amount  of  chlorine;  the  average*  torque  was  reduced  to  80  in.  pounds, 
la  test  $,  ve  doubled  the  amount  of  chlorine;  nc  corresponding  change 
in  torque  was  reflected.  In  test  10,  we  again  used  the  3  1/2$ 
sulphurized  petroleum  and  fat  oil  and  quadrupled  the  amount  of  chlorine 
which  was  used  in  test  8.  This  produced  an  average  torque  of 
47  in.  pounds. 

The  minor  diameter  of  the  holes  in  this  series  of  tests  was  for 
65$  of  the  thread,  with  a  minor  diameter  of  75£  of  thread,  and  the  oil 
used  in  test  10,  the  average  torque  values  were  in  the  order  of 
83  in.  pounds.  A  good  supply  of  lubricant  was  kept  on  the  tap  and  in 
the  hole  during  the  entire  tapping  cycle.  There  was  a  considerable 


im 


amount  of  squealing  during  tapping  and  backing  out  except  in  the  low 
torques.  In  the  first  five  tests  there  wa3  a  tendency  to  seize  and 
bind* 


In  addition  to  the  torque  tests  endurance  tests  were  run  in  one 
of  our  customer1  s  plants  on  a  part  of  the  same  lot  of  3/3  24  National 
Pine  taps.  At  spindle  speeds  of  225  KPM,  approximately  20  surface 
feet  per  minute,  and  using  sulphur  concentrate,  they  averaged  200  holes 
per  tap  before  the  cutting  edges  broke  down.  We  believe  that  further 
tests  using  3  1/2$  sulphurized  petroleum  and  fat  oils  with  chlorine 
added  will  increase  tap  life. 


TUBNIN&  AND  MILLING-  OP  TITANIUM 

By:  NOEMAN  ZLATIN,  Partner,  Metcut  Research  Associates, 

Cincinnati,  Ohio 

I  would  like  to  discuss  some  of  the  machining  properties  of  the 
titanium  alloys,  particularly  with  respect  to  those  of  the  replaced 
metals.  Before  discussing  the  tool  life  results  obtained  in  turning, 
it  would  be  well  to  describe  the  method  of  measuring  tool  life.  With 
carbide  tools,  the  wearland  on  the  shank  of  the  tool  is  measured  with 
a  Brinell  microscope  at  intervals  during  the  machining  operation. 

When  the  wearland  reaches  .015"  ,  the  end  of  tool  life  is  assumed.  Tool 
life  values  of  this  type  are  obtained  over  a  range  of  cut  speeds  and 
a  tool  life  curve  can  then  be  drawn  from  the  results. 

In  turning  the  titanium  alloy  Ti-150-A  with  various  grades  of 
carbides  the  results  were  as  shown.  The  73  and  783  grades  are  usually 
used  in  the  machining  of  steels.  The  straight  tungsten  carbide  grades 
such  as  K6,  905,  883  and  HA  were  the  best.  Using  one  of  the  grades  in 
the  group  which  proved  bast,  tool  life  curves  were  obtained  on  the 
three  more  widely  used  titanium  alloys,  KST  3  Ai.  -  5  Cr.,  RC-13CB  and 
Ti-150-A.  With  the  K6  carbide  the  cutting  speed  for  a  tool  life  of 
20  minutes  was  100  ft. /min.  for  MST  3  AL.  -  5  Cr. ,  180  for  RC-13CB  and 
200  for  Ti— 150-A.  With  high  speed  steel  tools,  the  cutting  speeds  for 
a  20  minute  tool  life  is  relatively  low  -  30  ft. /min.  for  EC-1303  and 
45  for  Ti-150-A.  It  is  not  practical  to  cut  the  MST  3  Al.  -  5  Cr.  alloy 
with  high  speed  steel  tools.  An  actual  comparison  was  made  of  the 
machining  properties  of  the  titanium  alloy  Ti-150-X  with  these  of 
several  stainless  steels.  The  tool  life  results  reveal  that  the  stain¬ 
less  grades  AISI— 430,  4l0  and  347  can  be  turned  at  cutting  speeds  3 
and  4  times  that  at  which  the  titanium  alloy  can  be  cut. 

Comparison  for  the  machining  properties  of  the  titanium  alloy  and 
a  steel  of  equivalent  hardness  show  that  for  a  given  tool  life,  the 
quenched,  and  tempered  SAB— 4pty)  steel  can  be  aacnined  almost  twice  as 
fast  as  the  Ti-150-A  alloy.  These  comparisons  of  the  machining 


-A £  ■**- 


-41- 

properties  of  the  titanium  alloys  with  those  of  the  aircraft  metals  now 
"being  used  should  indicate  to  prospective  users  of  these  new  alloys 
some  of  the  production  problems  they  will  face  in  turning.  Use  live 

centers. 

The  milling  of  titanium  presents  a  challenge  to  the  tool  engineer. 
First,  there  is  a  tendency  for  the  titauiur,  to  emoar  ovex*  the  shank  of 
the  tool,  thereby  canning  rapid  tool  failure.  Hence  the  magnitude  of 
the  relief  angle  is  particularly  critical  in  milling  titanium.  The  re«> 
suits  of  milling  tests  have  indicated  that  there  is  less  of  a  tendency 
for  the  titanium  to  smear  over  the  shank  of  the  tool  with  a  12®  relief 
angle  than  with  a  6®  angl3.  However,  if  the  relief  angle  is  increased 
beyond  12°,  the  cutting  edge  is  weakened  and  chips  too  easily,  i'ne 
second  problem  is  aggravated  by  the  very  nature  of  the  milling  operation. 
The  cutter  cuts  only  part  of  each  revolution;  Luring  the  portion  of  the 
revolution  that  it  does  not  cut,  the  titanium  chip  remains  welded 
tightly  to  the  cutter^  edge.  As  the  chip  is  knocked  off  at  the  start 
of  the  next  machining  portion  of  the  revolution,  the  cutting  edge  of 
the  tool  usually  chips  away.  Further  breakdown  of  the  tool  is  thus 
greatly  accelerated. 

There  is  less  chipping  of  the  cutting  edge  if  light  feeds  are 
used,  .004"  to  .OOS**/ tooth.  With  carbides,  a  negative  rake  of  10°  is 
recommended;  while  with  ca3t  alleys  0°  to  6®  positive  is  best.  Carbide 
tools,  because  of  their  brittleness,  are  often  not  recommended  for 
milling  titanium.  However,  if  the  carbide  tools  are  used  with  a  cutting 
fluid,  a  cutting  speed  of  50  to  70  ft./min.  will  give  a  reasonable  tool 
life.  With  cast  alloy  tool3  the  cut  speed  is  4o  to  50  ft./min. 

FUKDiBfflTAL  FACTS  ON  HACHIIUUG  TITAHIUM 

By:  DB.  K.  EUCEEE  1-iEEGHANT,  Assistant-  Director  of  Be  search, 

Cincinnati  Hilling  Machine  Company, 
Cincinnati,  Ohio 

There  are  two  basic  processes  that  go  on  in  the  cutting  of  me  cal 
by  a  cutting  tool.  There  is  a  process  of  plastic  flow  of  the  metal  . 

ahead  of  the  cutting  tool  to  form  the  chip.  If  the  tool  moves  through 
the  metal,  plastic  flow  takes  place,  shaping  the  chip.  The  second  * 

process  is  the  escape  of  the  chip  over  the  face  of  the  tool  where  it  f 

meets  very  high  frictional  resistance,  and  where  it  presses  egaiast  iho 
tool  face  with  very  high  force.  Both  of  these  processes  generate  a  i' 

great  deal  of  heat.  Heat,  then,  is  also  very  important  in  determining 
what  happens  -  particularly  what  happens  to  the  cutting  tool  end  how  it 
will  stand  up  -  because  heat  causes  tool  failure.  The  hotter  the  tool, 
the  more  rapidly  will  it-  wear. 

i 

From  studies  made  in  our  laboratory  in  this  connection  I  em  going  ; 

to  give  you  data  which  is  mainly  on  Ti-150-A  alloy,  cutting  with  carbide  | 
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toola,  mainly  Grade  58}  carbide,  and  over  a  range  of  feeds  and  speeds. 
Measurements  were  made  under  these  conditions  to  find  out  what  was 
going  on  in  the  processes  of  plastic  deformation  and  in  the  rubbing 
friction  between  the  chip  and  tool.  Comparisons  were  made  between  the 
Ti-150-A  alloy,  and  a  1020  steel  -  one  of  the  simplest  types  of  steel  - 
just  to  see  to  what  extent  there  were  differences*  and  to  what  extent 
there  were  similarities  in  machining  processes. 

First  of  all,  the  plastic  deformation  process  was  considored,  and 
it  was  found  that  very  much  less  plastic  deformation  occurred  ahead  of 
the  tool  in  forming  the  chip  when  machining- titanium  than  when  machining 
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half  as  great  when  machining  titanium  as  when  machining  the  1020  stoel. 
That  meant  that  a  great  deal  less  heat  was  generated  when,  machining 
titanium,  from  the  source  of  plastic  deformation.  How  this  plastic 
deformation  is  controled  by  two  or  three  main  factors,  one  of  which  is 
the  amount  of  friction  between  the  chip  and  tool  -  the  factor  that  I 
called  the  second  basic  process.  That  has  an  effect  on  the  amount  of 
heat  coming  from  that  deformation.  When  friction  between  chip  and 
tool  is  low,  the  plastic  deformation  is  al3o  considerably  reduced 
ahead  of  the  tool.  Secondly,  the  amount  of  plastic  deformation,  is  a 
function  of  the  property  of  the  material  itself,  and  of  its  mechanical 
properties,  and  titanium  happens  to  have  such  properties  that  it  also 
gives  less  plastic  deformation  for  a  given  amount  of  friction  between 
chip  and  tool  than  does  steel.  So  it  was  found  that  if  we  aid  happen 
to  have  the  same  friction  between  chip  and  tool  with  steel  as  with 
titanium,  we  would  still  get  a  lot  less  deformation  of  the  metal  with 
titanium  because  it  has  built  into  it  unusual  mechanical  properties; 
it  is  the  nature  of  the  metal  itself  to  give  less  plastic  deformation. 
These  factors,  so  far,  are  all  to  the  good. 

What  about  the  friction  between  the  chip  and  tool  itself?  Well, 
comparing  values  of  friction  obtained  with  titanium  150-A  and  1020 
steel  taking  a  cutting  speed  of  150  feet  per  minute  and  a  feed  of  about 
.005"  there  is  noticeably  less  friction  between  chip  and  tool  when 
machining  titanium  than  when  machining  steel.  The  value  of  the 
coefficient  of  friction  for  1020  strel  was  about  0.9;  for  titanium 
about  O.65  -  less  friction  than,  in  general  between  chip  and  tool, 
along  with  les3  plastic  deformation  of  the  metal.  Here,  again,  is  a 
good  characteristic. 

» 

What  about  the  resistance  pf  the  metal  to  the  stress  required  to 
produce  plastic  deformation?  How  does  that  compare  for  the  two 
materials?  Taking  the  1020  steel  and  the  Ti-150-A  alloy,  it  was  found 
that  the  stress  required  to  produce  plastic  deformation  in  forming  the 
chip  was  about  the  same  for  both  of  them  —  something  on  the  order  of 
50,000  pounds  per  square  inch.  These  factors  taken  together  all  result 
in  the  good  chip  formation  which  I  have  mentioned,  in  the  good  figures 
for  power  consumption,  and  in  the  good  finish.  The  power  consumption 


is  going  to  be  less  with  titanium  than  with  the  1020  steel  because  of 
the  good  values  of  these  factors  already  mentioned  -  about  25  to  30$ 
less  -  under  a  given  set  of  conditions,  even  though  the  titanium  is  a 
much  stronger  metal.  Shis  lower  power  consumption  is  duo  to  the  some¬ 
what  lower  chip  friction  and  considerably  lower  plastic  deformation 
that  occurs  in  forming  the  chip.  She  chip  formation  is  good  because 
of  the  fact  that  there  is  this  small  amount  of  plastic  deformation 
which  I  mentioned.  She  metal  is  not  severely  deformed  in  producing 
the  chip,  and  so  the  chip  rolls  off  very  nicely.  Shis  is  also  tied  in 
with  tho  matter  of  surface  finish. 

Surface  finish  is  influenced  by  the  presence  of  what  ie  known  as 
built-up  edge.  If  the  metal  being  machined  tends  to  adhere  to  the 
face  of  the  tool  and  build  up  a  stationary  mass  of  metal  on  the  nose 
of  the  tool,  that  is  known  as  a  built-up  edge.  When  this  exists, 
fragments  of  that  built-up  edge  continuously  go  off  with  the  finished 
surface  and  leave  little  steps  or  fragments  attached  to  that  surface 
which  cause  it  to  be  rough.  With  steel  such  as  1020,  you  get  a 
noticeable  built-up  edge  under  many  machining  conditions;  however,  it 
is  significant  that  when  machining  titanium,  you  seldom  get  a  built-up 
edge;  that  there  is  not  this  same  tendency  in  general  for  the  metal 
of  the  chip  to  adhere  to  the  tool  face  to  build  up  and  cause  this 
stagnant  nose  on  the  tool  which  roughens  up  the  surface.  This  is  due 
in  part  to  the  lowered  friction  between  the  chip  and  tool  obtained  with 
titanium;  it  is  due  in  part  to  the  fact  that  less  plastic  deformation 
takes  place  in  forming  the  chips,  because  the  formation  of  the  built-up 
edge  is  associated  with  that  also.  It  is  probably  also  due  in  part  to 
another  factor  which  we  will  shortly  mention. 

nothing  we  have  said  would  seem  to  indicate  why  we  should  get  poor 
tool  life,  but  as  we  look  further  into  this  chip  formation  process  and 
what  happens  in  cutting,  we  begin  to  see  some  problems  peculiar  to 
titanium.  Tor  one  thing,  there  is  the  question  of  bearing  pressure  betwee 
the  chip  and  tool.  The  chip  is  being  pressed  against  the  tool  with  con¬ 
siderable  force;  if  over  a  fairly  large  area,  things  will  not  be  serious; 
if  over  a  very  small  area,  problems  arise.  With  investigation,  we  find 
there  is  a  big  difference  in  the  size  of  the  bearing  area  between  the 
chip  and  tool  when  machining  titanium  and  steel.  Oh  machining  Ti-150-A. 
with  a  833  carbide  at  a  speed  of  about  150’  a  minute,  «006  feed  per 
revolution,  on  titanium,  the  area  of  contact  between  chip  and  vool  was 
about  .006  of  a  sq.  in.;  on  steel,  nearly  .010  of  a  sq.  in.;  therefore, 
on  machining  titanium  the  bearing  area  is  much  more  highly  loaded. 

Of  course,  the  bearing  area  between  chip  and  tool  is  one  of  the 
most  highly  loaded  bearing  areas  in  commercial  practice  today,  and 
when  you  go  cutting  down  tnat  bearing  area  by  half  you  can  see  you  are 
getting  into  some  severe  problems.  That  is  part  of  the  reason  why 
titanium  wears  the  tool  so  rapidly  —  because  of  these  extreme  bearing 
pressures  between  chip  and  tool.  This  same  bearing  area,  however,  has 


another  detrimental  effect,  in  that  it  concentrates  all  the  frictional 
heat  developed  hy  the  sliding  of  the  chip  on  the  tool  on  a  much 
smaller  area,  and  therefore,  results  in  a  considerably  higher  tool 
temperature  at  that  area;  furthermore,  titanium  has  relatively  poor  , 

heat  conductivity.  All  of  these  factors  taken  together  -  the  small 
bearing  area  with  the  very  high  bearing  pressure  and  the  poor  heat 
conductivity  of  the  metal  -  lead  to  extremely  high  tool  temperatures  j 
and  extremely  high  temperatures  on  the  bearing  area  where  the  chip  rubs 
on  the  tool.  Talcing  again  some  typical  data;  883  carbide  machining  at  ; 
150*  a  minute,  .006  feed  per  revolution,  the  temperature  on  the  bearing 
area  when  cutting  1020  steel  was  about  SOO0'**';  when  machining  titanium  ,• 
it  was  about  2250°2’  —  a  tremendous  difference.  So  you  can  begin  to  i 

see  why  the  tool  seems  to  practically  melt  away  under  some  conditions  i 

when  machining  titanium.  : 

*  One  factor  entering  the  picture  is  the  solubility  of  titanium  in 
and  with  practically  all  known  metallic  materials  and  refractory 
materials,  too,  for  that  matter.  Because  the  tool  metal  is  so  soluble 
in  and  with  titanium,  it  tends  to  dissolve  in  the  titanixim  chip  at  the 
bearing  area.  That  is,  as  the  chip  is  racing  over  the  face  of  the  tool 
at  these  high  temper  attires,  an  alloy  is  actually  being  formed  between 
the  titanium  and  the  tool  material  because  of  its  easy  alloying  proper¬ 
ties.  That  alloy,  of  course,  is  then  carried  off  with  the  chip  and 
produces  tool  wear  by  depleting  the  tool  metal. 

This  alloying  action  has  other  significant  consequences.  You  may 
be  acquainted  with  the  fact  that,  in  machining  titanium,  if  for  some 
reason  you  slow  the  cutting  speed  down  to  a  very,  very  low  value,  or 
even  stop  the  tool  in  the  cut,  when  you  start  again  a  built-up  edge 
will  form  and  finish  will  be  poor,  and  there  will  be  considerable 
building  up  of  the  titanium  on  the  tool  face.  This  con  also  be 
attributed  to  this  alloying  action  because  when  the  cut  nearly  stops, 
with  the  chip  in  contact  with  the  tooth  and  the  temperature  drops,  then 
the  chip  freezes  to  the  tool  face  because  of  this  alloy  which  has  been 
formed  between  the  two.  When  you  start  up  again,  the  chip  sticks  to 
the  tool  face  and  leaves  a  layer  of  titanium  on  it  which  is  the  be¬ 
ginning  of  a  built-up  edge.  This  effect,  which  has  sometimes  been 
attributed  to  work  hardening,  is  merely  a  matter  of  the  alloying  action 
between  chip  and  tool  and,  of  course,  can  be  prevented  by  not  allowing  ] 
this  alloy  to  set.  This  is  also  the  cause  of  difficulties  in  milling.  ! 

The  chips  tend  to  stick  to  the  milling  cutter  face,'  and  go  around  with  j 

the  cutter.  As  the  tooth  leaves  the  cut,  the  chip  freezes  to  the  tool  ) 

face,  and  when  bumped  off  the  next  time,  the  tooth  enters  the  cut;  it  \ 

fractures  a  little  bit  of  the  tool  material  away;  it  chips  the  tooth.  I 

These,  then,  are  some  of  the  basic  reasons  why  titanium  machines  I 

as  it  does.  An  understanding  of  ther.e  and  other  basic  facts  about  f  J 

machining  of  titanium  hold  the  key  to  solving  the  manufacturing  diffi-  j 
cuities  and  improving  the  manufacturing  processes  involved  in  the  actual  * 
machining  of  titanium.  ] 
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TITANIUM  AS  A  MEW  PRODUCTS  POTENTIAL 


By:  PHANOIS  G.  TATNALL ,  Director  of  Testing  Research,  Bal&win- 

Lina-Hamilton  Corporation,  Philadelphia, 
Pennsylvania 

• 

I  am  old  enough  to  have  "been  around  at  the  debut  of  various  other 
glamorous  materials.  I  have  seen  the  high  and  low  alloy  steels  como  in. 
People  promised  great  things  for  them.  Finally,  after  much  developmental 
work  they  became  very  fine,  useful  materials.  I've  also  seen  aluminum 
come  in  and  settle  down  as  an  indispensable  product. 

Now  we've  got  another  one  -  Titanium.  Titanium  is  strong  as 
steel.  Titanium  has  corrosion  resistance.  That  is  what  we  hoped  to 
get  in  our  low  alloy  steels,  you  know.  Titanium  is  low  in  weight. 
Titanium  has  high  temperature  properties.  Excellent  -  but  titanium 
has  low  stiffness  values  and  low  stiffness  is  not  good. 

In  order  to  speak  about  any  metal  it  is  necessary  to  refer  to  the 
stress-strain  diagram.  The  elastic  line,  the  plastic  range,  the 
ultimate  strength  and  the  breaking  strength  are  the  various  things 
which  should  be  known  about  any  material.  The  cold  working  ability  of 
the  material  is  very  important.  You  want  to  work  harden  if  you  are 
going  to  draw  wire,  or  if  you  are  going  to  do  various  kinds  of  work 
to  improve  its  properties  by  cold  work.  But  titanium  apparently  cold 
works  so  fast  that  the  slope  of  the  stress-strain  curve  is  probably 
very  steep. 

Toughness  of  the  material  is  the  ability  to  absorb  energy.  In 
armor  plate  you  want  to  absorb  energy.  The  ultimate  strength  is  the 
hardness  in  the  material.  That's  the  equivalent  of  the  hardness 
we're  talking  about.  If  we  have  adequate  stiffness  you  can  always  say 
its  better  than  aluminum.  We  are  not  concerned  with  comparing  titanium 
to  steel. 

In  corrosion  resistance  we  find  that  it  is  better  than  steel,  and 
in  some  cases,  better  than  stainless  steel.  I  think  they  said  here  today 
that  titanium  stays  stainless,  whether  you  keep  the  heat  on  or  not. 

Do  we  have  good  resilience?  You  don't  want  it  to  bend,  because 
when  it  bends  especially  if  you  work  harden  it  a  little  bit,  and  you 
take  the  load  off,  you've  got  a  permanent  set.  When  you've  got  a 
permanent  set,  the  people  will  send  your  product  back  to  you.  Its  the 
elastic  range  that  gives  you  the  toughness. 

The  main  property  of  anything  is  notch  sensitivity.  If  you  strike 
a  piece  of  titanium  with  a  hammer,  will  it  bend  or  break;  will  is  take 
a  lot  of  foot  pounds  of  energy,  or  will  it  take  a  few?  That  brings  up 
two  things:  the  difference  between  cloavage  and  shear.  Shear  requires 


work  to  break  it.  If  you’ve  got  shear*  you’ve  got  to  do  more  work  be¬ 
fore  it  breaks,  but  if  you  have  cleavage  the  metal  will  break  suddenly, 
without  any  extra  work  at  all.  If  that  stress  concentration  is  re¬ 
lieved  by  plastic  flow  at  the  root  of  the  notch  the  metal  is  net  notch 
sensitive,  and  it  will  probably  fail  by  shear,  which  is  a  very  delight¬ 
ful  way  -  but  if  it  is  notch  sensitive,  it  will  fail  suddenly,  and  v/ith 
very  little  deformation,  and  that  is  another  thing  that  makes  people 
send  your  products  back  to  you. 

Most  of  you  would  like  to  make  titanium  castings.  We  make  ship 
propellers,  and  the  first  thing  we  warn;  to  know  i3  can  you  get  enough 
titanium  to  make  a  propeller?  Are  the  advantages:  lightweight, 
corrosive-resistance,  and  cavitation  contained  in  titanium?  If  v>e  can' 
make  propellers,  why  can’t  we  make  tail  shafts  out  of  it,  and  then  v/e 
would  get  the  marine  industry  fixed  up,  as  these  are  the  only ‘two  things 
that  bother  the  marine  industry. 

I  see  they're  alloying  titanium  with  copper,  v/ith  chromium  and 
with  things  that  have  vastly  different  possibilities.  I  was  told,  by 
a  very  respectable  metallurgist,  that  we  can  change  that  modulus  from 
15  million  to  24  million,  depending  upon  the  alloy  we  used.  I  think 
you  will  find  in  five  years  people  will  say  that  was  wrong. 

If  we  can  alloy  titanium  and  can  do  almost  anything  with  it,  then 
we  haven’t  scratched  the  surface  yet.  Maybe  I  can  make  wire  for  our 
bonded  wire  resistant  strain  gauges  out  of  it  which  will  have  a  wire 
gauge  factor  and  would  be  worth  a  million  dollars  to  anybody. 

The  transition  temperature  is  something  that  most  things  have.  A 
ductile  material  will  become  brittle  at  some  particular  temperature. 

It  can  be  as  ductile  as  anything  at  room  temperature,  and  when  you  take 
it  outside  in  the  normal  Boston  atmosphere  it  will  suddenly  become 
brittle.  What  v/e  are  continually  trying  to  do  is  to  lower  that  transi¬ 
tion  temperature,  because  v/e  don’t  want  to  say  a  thing  is  ductile  when 
it  is  brittle.  In  other  words,  shear  changes  to  cleavage,  due  to 
reasons  about  the  space  lattice. 

What  happens  to  material  when  it  is  heated  up?  I’irst,  its  modulus 
goes  down  as  heat  goes  up,  until  when  the  thing  is  liquid  it  has  no 
modulus  at  all,  because  you  can  bend  a  piece  of  liquid  metal.  Titanium 
behaves  very  well  at  low  temperatures,  whereas  the  only  thing  that's  be¬ 
haved  well  in  the  past  has  been  nickel,  llow,  incidentally,  they  are 
alloying  titanium  v/ith  nickel.  If  v/e  can  replace  the  nickel  in  this 
material,  then  we  can  use  titanium,  and  then  we’ve  got  invar.  Invar  is 
a  lovely  material  which  is  pretty  nearly  stable  at  a  wide  range  of 
temperatures  so  that  you  can  use  it  in  all  kinds  of  gauges  and  things 
which  will  not  expand  or  contract,  or  change  their  modulus  as  tempera¬ 
tures  change.  We  couldn’t  make  our  testing  machine  if  v/e  didn’t  have 
something  of  the  invar  type  of  material.  If  somebody  will  develop  a 
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titanium  invar  there  is  quite  a  field  for  that.  Someone  should  also 
develop  a  wire  with  a  very,  very  high  gauge  factor,  i.e.,  the  change 
in  resistance  divided  by  the  original  resistance  times  the  strain. 


Creep  is  holding  a  metal  at  constant  load  over  a  period  of  tine 
and  measuring  the  strain.  If  strain  takes  place,  the  thing  will  just 
creep  and  the  metal  just  stretches  under  this  constant  load.  If  you. 

could  cause  it  to  stretch  less  and  less,  with  more  and  more  load,  you 

have  a  good  material.  Does  titanium  do  this?  If  it  does,  we  have  many 
uses  for  it  in  gas  Virbinos,  high  temperature  materials,  in  oil 
refineries,  steam  boilers  and  wherever  high  temperatures  are  as  famous 
as  they  are  nov;.  Is  titanium  a  metal?  The  higher  the  modulus,  tho 
more  metallic  the  material  gets.  Magnesium  is  just  barely  a  metal; 
aluminum  is  a  little  bit  nearer  a  metal.  Plastics,  of  course,  aren’t 
a  metal.  Steel  is  definitely  metal.  Relaxation  is  the  reverse  of 
creep.  If  you  are  going  to  make  flange  bolts,  relaxation  is  plotting 
stress  with  constant  strain.  In  other  words,  when  you  bolt  up  a 
flange  with  a  gasket  in  it,  if  the  bolt  stretches,  the  strain  is  con¬ 
stant,  but  the  stress  falls  off  with  the  load  on  those  bolts,  and  tho 

gasket  starts  to  leak.  If  we  have  good  relaxation  properties  in 
titanium  -  which  nobody  has  told  me  of  yet  -  ive  have  two  very  fine 
things.  One  is  that  we  will  have  good  annealing  properties  because 
annealing  of  materials  is  nothing  but  relaxation  betv/een  high  points 
of  stress  locked  up  in  a  material  and  thus  we  would  have  good  bolting 
up  in  flanges  and  things  of  that  kind  in  our  oil  refineries,  chemical 
plants,  steam  plants,  et  cetera. 


Where  is  the  endurance  limit?  It  changes  all  the  time  with  those 
various  things.  If  I  put  that  notch  in,  it  changes  like  anything. 

What  is  damping  capacity?  Cast  iron  has  high  damping  capacity.  That 
cuts  down  the  danger  of  failure  by  fatigue  in  a  structure  and  that’s 
this:  damping  capacity  is  .hysteresis  in  a  reverse  cycle.  It  turns 
vibration  into  heat;  it  is  much  better  to  r  j.ve  a  thing  turn  into 
heat  than  to  fail  by  vibration.  I  would  1.  to  know  what  the  damping 
capacity  is;  I  imagine  it’s  high. 


Somebody  mentioned  sensitivity  to  high  straining  rate.  You’ve 
got  to  push  this  slowly;  some  metals  are  sensitive  to  high  straining 
rate  and  won’t  develop  loads.  Austenitic  stainless  steel  has  a  beauti¬ 
ful  stress-strain  diagram;  it  ought  to  absorb  any  energy  like  shooting 
a  bullet  into  a  piece  of  armor  plate  made  of  stainless  steel.  If  you 
shoot  fast  enough,  the  bullet  goes  right  through  like  butter;  if  you 
shoot  slow,  you  can’t  push  it  through  anything. 


Heat  conductivity.  How  fast  will  heat  pass  from  side  to  side  and 
not  set  up  a  tremendous  thermal  shock.  Crack  propagation  is  very  good 
in  titanium.  What  about  strain  aging?  What  happens  after  you  strain 
it  and  le>t  it  sit  out  a  little  while?  Hoes  it  change? 
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Sensitivity  to  surface  damage;  magneto -striction.  Suppose  nickel 
has  high  magneto- strict-ion.  If  this  is  going  to  he  a  substitute  for 
nickel,  it  mignt  require  high  nagneso-striction.  Does  it  have  a  blue 
brittle  range?  Does  it  get  brittle  at  ^00°?  Does  it  have  a  tempera¬ 
ture  of  embrittlement  at  S00°  like  steel?  .If  it  does  not  you've  got 
a  product  that 3 s  better  than  steel.  What  ar-e  we  going  to  use  this  for? 
Here  are  the  uses:  pressure  vessels,  tubes,  flanges,  cold  drawn  heads. 


What  can  v/e  do  with  pressure  vessels?  Kow  about  inner  shells  or 
liners  for  pressure  vessels?  How  about  containers?  Kow  about  valves 
in  chemical  service?  Aeronautics?  lutomotivesr  Just  think  of  engines 
of  lightweight,  corrosion-resistant,  higher  temperatures?  How  about 
ships,  the  railroad  business,  chemical  ware,  kitchen  utensils,  laboratory 
apparatus?  Does  it  replace  aluminum,  magnesium,  stainless  steel?  How 
about  the  spot  welding?  Can  we  get  into  the  medical  field?  Do  you 
know  what  they  put  into  people  when  they  splice  bones,  use  pins  and  all 
those  prosthetics? 

What  can  your  civil  engineer  use  it  for?  For  structures  - 
especially  the  structures  around  the  sewage  disposal  plant  -  places 
where  there  is  corrosion.  At  the  same  time,  it  is  lightweight  and  the 
mechanical  engineer  could  use  it  in  his  power  equipment;  the 
petroleum  engineer;  the  architect! 
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